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EXECUTIVE SUMMARY

This report presents the results of the remedial investigation (Rl) performed for the Crossley Farm
National Priorities List Site, located in Hereford Township, Berks County, Pennsylvania. Tetra Tech NUS,
Inc. (TtNUS) performed the Rl for the United States Environmental Protection Agency (EPA) under Work
Assignment 009-RICO-03S2, Contract No. 68-S8-3003. This work was performed in accordance with the
Project Operations Plan (Halliburton NUS Corporation, 1995) and the Work Plan (TtNUS, 1997) prepared
for the site.

Conclusions

A contaminated groundwater plume composed chiefly of the volatile organic compound (VOC)
trichloroethene (TCE) originates at the Crossley Farm Site, extends downgradient for a total distance of
approximately 12,000 feet, and continues to migrate. The segment of the plume contaminated with TCE
to concentrations exceeding the federal maximum contaminant level (MCL) of 5 ug/L extends at least
10,000 feet downgradient from the site. No public water supplies are available in the surrounding rural
community, and residences rely on wells and springs for potable water. To date, over 40 residences
have been impacted by the plume.

The human health risk assessment identified significant carcinogenic risks (i.e., risks exceeding 1 X 10"4)
and noncarcinogenic risks (i.e, risks exceeding a Hazard Index of 1.0) for several clusters of existing
drinking water users. Significant carcinogenic and noncarcinogenic risks were also identified for future
groundwater residential receptors. The most significant risk drivers were TCE and tetrachloroethene
(PCE).

The highest measured concentration of TCE was 190,000 ug/L, at a location downgradient from one of
the suspected sources at the site. The hydrogeological and chemical data collected during the Rl are
consistent with the interpreted existence of either a dense, non-aqueous phase liquid (DNAPL) or a highly
concentrated residual source occurring within the fractures of the crystalline bedrock.

Purpose

Groundwater contamination has been known to exist in the vicinity of Crossley Farm since 1983, when
regulatory investigation began in response to citizens' complaints regarding the quality of their well water.
A regional hydrogeologic investigation conducted by EPA in 1988 concluded that the Crossley Farm was
the probable source of the contamination, and hypothesized that likely source areas included either an
on-site quarry or borrow pit area. This Rl generated additional data to supplement previous information,
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investigated other potential source areas, and better determined the nature and extent of contamination
with respect to multiple media. The media investigated include groundwater (potable wells and springs,
monitoring wells, and non-potable springs), surface soil, subsurface soil, surface water, and sediment.

The objectives of the Rl for the Crossley Farm Site were to:

• Characterize the nature and extent of site-related contamination in soil, groundwater, and surface
water and sediments.

• Collect the necessary data to complete a comprehensive assessment of the actual and potential
health and environmental risks associated with the site.

• Obtain the information necessary to develop and evaluate remedial alternatives to address any
unacceptable risks,

Background Information

The Crossley Farm Site is located in the Huffs Church community of Hereford Township, Berks County,
Pennsylvania. This location is approximately 50 miles northwest of Philadelphia and 21 miles northeast
of Reading. The site is an active farm that has operated as a dairy farm and a crop farm. Some dairy
farming still occurs, although presently, most of the farm is dedicated to crops; corn and alfalfa are the
dominant crops.

The topography within the study area consists of high hills and ridges and broad, low valleys. The most
prominent highland within the study area occurs on the farm and is known locally as Blackhead Hill. The
hill is very steeply sloped to the west and south of its crest. To the north and east of its crest, the hill is
fairly level or flat and supports the working farm over much of its area. A small quarry at the crest of the
hill has been active for over 50 years.

Regulatory involvement at this site began in 1983, when local residents complained to the Pennsylvania
Department of Environmental Protection (PADEP) about odors in private water supply wells. PADEP
sampled the residential wells immediately adjacent to Blackhead Hill, and detected TCE concentrations
as high as 8,500 ug/L. Consequently, PADEP issued a health advisory on groundwater use in the area
and recommended either boiling water, installing carbon filtration systems, or using bottled water where
TCE concentrations exceeded 45 ug/L. Shortly thereafter, a temporary water supply was provided by the
Pennsylvania National Guard through the Pennsylvania Emergency Management Agency. This supply
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was terminated in mid-1985. EPA initiated a removal action in December 1986, and, in January 1987,
EPA began installing carbon filtration units on impacted private wetls.

In September 1994, EPA began a remedial investigation and feasibility study (RI/FS) for the site. It was
soon decided that the investigation and ultimate disposition of the contaminated residential well supply
problem (which subsequently became Operable Unit-1 or OU-1) should be expedited and addressed in a
focused feasibility study (FFS) prior to the site investigation activities. On June 30, 1997, the Record of
Decision (ROD) for OU-1 was signed by EPA. OU-1 was defined as the potable groundwater sources
within the project area. The ROD presented the basis for EPA's selection of a point-of-entry treatment
system as the interim remedy for contaminated potable sources at the site and EPA's decision to install
the systems on all residential supplies that had been impacted by the site.

In June 1999, EPA implemented the remedial action (RA) for OU-1, and the installation of the treatment
systems began during the fall 1999. To date, 44 treatment systems have been installed, including the
replacement of the older, original equipment installed by EPA in the 1980s. As part of the RA for OU-1,
all potable sources within the study area are sampled semiannually, if permission is granted by the owner
of the well or spring. It is possible that additional treatment systems may be required in the future, if
plume migration results in the detection of site-related chemicals in previously uncontaminated potable
sources.

A test pit excavated in December 1997 by EPA (as a result of information gathered during this Rl)
confirmed the presence of on-site buried drums and associated contaminated soil. The subsequent
removal action conducted during the summer of 1998 resulted in the excavation and removal of
approximately 1,200 buried drums and 15,000 tons of contaminated soil.

Investigations

The Rl field activities began in October 1996. Prior to the field investigation, the site file information was
reviewed, and the suspected or alleged waste disposal areas on the farm were catalogued. The
evidence implicating each as at least a potential source area ranged from technical data gathered during
field investigations to hearsay reports offered by area residents to field personnel during those
investigations. The potential source areas included:

• Trash Dump. The trash dump reportedly consisted chiefly of household and farm-related trash. The
dump area is roughly rectangular in shape and covers an area approximately 250 feet long by 160
feet wide.
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• Quarry. The quarry forms the crest of Blackhead Hill and is the highest topographic point within the
area. The regional hydrogeologic investigation completed by EPA in 1988 identified the quarry as a
potential site for the disposal of solvents, noting that liquid waste poured over the exposed rock would
have migrated quickly in the fractured bedrock aquifer.

• Borrow Pit. The borrow pit area is approximately 375 feet long by 150 feet wide. The borrow pit is a
topographic depression or hole in the eastern flank of Blackhead Hill that was excavated to the top of
bedrock (saprolite) and left open on the northern and southern sides, where a farm road cuts through
the pit. The EPA regional hydrogeologic investigation identified the borrow pit as a potential site for
the disposal of sobents based on the results of a soil gas study and on information provided by local
residents, who indicated that the borrow pit was historically a staging area for drummed waste
solvents that were ultimately disposed elsewhere on the farm.

• Alleged Drum Disposal Area. The alleged drum disposal area is roughly rectangular in shape and
measures about 360 feet long by 300 feet wide. During the performance of the regional
hydrogeologic investigation, a local resident approached a member of the field investigation team and
identified this area as the location of buried drums. That conversation did not result in any
investigative activity in this area, but a memo of the conversation was generated and placed in the
project files.

• EPIC Pit Area. Trie Environmental Photograph Interpretation Center (EPIC) pit area is located within
the main farm field to the northeast of the quarry and borrow pit areas and along the inside bend of a
farm path. The EPIC pit area is roughly rectangular in shape and measures about 360 feet long by
260 feet wide. The EPIC investigation of historical aerial photographs encompassing the Crossley
Farm site (EPA, 1990) noted possible disposal activity in this area in a 1980 photograph and
described a large, deep pit containing possible debris.

The following field investigation tasks were performed to accomplish the objectives of the Rl:

• A surface geophysics survey was performed to delineate the boundaries and subsurface nature of the
suspected disposal areas and to identify the major bedrock fracture zones in the immediate vicinity
and downgradient of these areas.

• Soil gas screening was performed at each of the five suspected disposal areas to help delineate the
boundaries of each area, to quantify the nature of contamination in each area, and to guide the
location and nature of subsequent source identification tasks.
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• A hydrogeologic investigation was performed to better define the local hydrogeologic regime, to
delineate the nature and extent of groundwater contamination associated with the site, and to assess
the relationship between the surface water and groundwater bodies with respect to groundwater and
contaminant discharge. The investigation consisted principally of the installation and sampling of
groundwater monitoring wells and the measurement of the aquifer's hydraulic head (water levels)
within each well.

- Forty-one new monitoring wells were installed during the investigation. The majority of the
boreholes were drilled using air rotary or air percussion drilling techniques, but the moderately to
very difficult drilling conditions encountered throughout the area (including very thick overburden
sections and collapsing boreholes caused by boulders and cobbles in the colluvium and by
highly-fractured carbonate rocks) ultimately also required the use of hollow-stem augers, mud
rotary, and ODEX-type drilling techniques.

• Media sampling and analysis included surface soils, subsurface soils, surface water and sediment,
groundwater from residential wells and springs, and groundwater from monitoring wells. Most
samples were analyzed for full-scan Target Compound List (TCL) and Target Analyte List (TAL)
parameters, including volatile and semivolatile organic compounds, polychlorinated biphenyls (PCBs),
pesticides, and inorganics. Selected samples from the different media were also analyzed for various
engineering and other analytical parameters (e.g., grain size, alkalinity, dissolved solids, etc.).

• A biological resources inventory was conducted to provide baseline data on the distribution of
ecological receptors at the site and to support the ecological risk assessment. A wildlife biologist and
a botanist/wetlands scientist walked representative meander patterns and prepared qualitative
descriptions of each natural habitat on the site, and identified and described wetlands and other
waters in those parts of the site closest to the suspected contamination.

Physical Characteristics of the Site

The site lies within the Reading Prong, a geologically complex area where the structural and stratigraphic
relationships are not always readily apparent. The contacts between the various rock types may
represent normal faults, thrust faults, or nonconformities, or a combination of any or all of these contact
types, even within a single borehole.

Most of Crossley Farm and the surrounding area is underlain by the crystalline bedrock composed
principally of granite gneiss but containing the hornblende granite in varying proportions. A large band of
Hardyston Formation (quartzite) underlies the southern and southeastern flanks of Blackhead Hill. A
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small, isolated block of Hardyston Formation underlies the crest of Blackhead Hill (including the quarry)
and extends down the west flank of the hill into the valley. The Dale Valley is primarily underlain by the
Leithsville dolomite. The overburden at the site and throughout the study area has a varied genesis that
includes soil formed from weathered parent bedrock material, saprolite, colluvium, and alluvium, and may
be a mixture of any and all of these overburden types at any particular location. A thick saprolitic
dolomite is developed adjacent to the bordering highlands because of the enhanced chemical weathering
caused by acidic groundwater migrating from the highlands into the carbonate valley.

The groundwater within the study area occurs within a complex, two-component hydrogeologic system.
Each component consists of different rock types of varying genesis that are grouped because of their
similar hydrogeological properties. The upper component or flow zone consists of the soil and saprolite.
Groundwater within this zone flows within the granular weathered material (intergranular flow) and the
relict structures of the soil and saprolite. The lower component or flow zone consists of the less-fractured,
fresh bedrock that occurs beneath the saprolite. The groundwater within this zone is mostly restricted to
the secondary openings (discrete fractures) within the rock mass. The interconnected networks of
fractures within the bedrock serve as the primary groundwater migration pathways.

Water-bearing fractures of varying yields were encountered at significant depths within the deepest
boreholes drilled at most monitoring locations. This indicates that the base of the groundwater flow
system has not been defined or identified and, therefore, the vertical nature and extent of the
groundwater plume are not known. Groundwater in the study area generally flows from the recharge
areas in the topographic highs to the discharge areas in the topographic lows. The region atop
Blackhead Hill (including the source areas) is located within a zone of groundwater recharge.

The relatively level highlands in the central and northern portions of the Crossley Farm comprise
agricultural land, and the slopes to the west and south support various forested and other natural
habitats. There is a reasonable degree of interspersion of plant communities between the habitats. This
interspersion provides a variety of resources within a limited area for the wildlife present; thus, the site
tends to favor wildlife that require a variety of plant communities within their daily and seasonal home
ranges. Species requiring extensive areas of a single community would not be expected to be abundant.

The bog turtle (Clemmys muhtenbergii) is the only known federal or state threatened or endangered
species listed by either the U.S. Fish and Wildlife Service (FWS) or the Pennsylvania Department of
Conservation and Natural Resources to occur in the general geographic vicinity of the site. A site visit by
the FWS established that no bog turtle habitat occurs on the site, although potentially suitable habitat may
occur in off-site wetlands. The FWS recommended that the suitability of the off-site wetlands be
assessed if they may be affected by future remedial actions at the site.
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The dominant habitats identified on the Crossley Farm include developed areas, agricultural land, forests,
old field perennial vegetation, and persistent emergent wetlands.

Nature and Extent of Contamination

Groundwater

A large plume of contaminated groundwater emanates from the Crossley Farm and extends
downgradient a distance of more than 12,000 feet, into the Dale Valley. The primary contaminants are
chlorinated VOCs. TCE was the most common groundwater contaminant, and was so pervasive that the
extent of the plume can largely be defined solely on the occurrence of TCE. Other common VOCs
detected at varying concentrations within the plume included PCE and cis-1,2-DCE. Many other VOCs
were detected less frequently and at generally lower concentrations.

The patterns of groundwater contamination are consistent with the presence of either a DNAPL or high-
concentration residual source area atop Blackhead Hill and an advective, dissolved-phase migrating VOC
plume. The geometry of the dissolved-phase plume is consistent with the interpreted groundwater flow
patterns. That is, the plume migrates steeply downward beneath the source areas atop Blackhead Hill
and eventually migrates both laterally and upward (discharges) within the Dale Valley.

The areal distribution of the groundwater contaminants and the directions of groundwater flow indicated
that the borrow pit area and the EPIC pit area are the principal source areas of the contamination. The
trash dump area was not interpreted to be a significant source of VOC contamination, although minor
concentrations of TCE were detected in the trash dump soils. The alleged drum disposal area was not
interpreted to be a source area of contamination. It cannot be stated with certainty whether the quarry
area was a source of VOCs, although the results of the soil gas survey suggest that it is not.

• The highest concentrations of VOCs were detected approximately 360 feet downgradient of the
borrow pit. TCE concentrations in this area range as high as 190,000 ug/L. These concentrations
(greater than 10% of the chemical's water solubility) suggest the potential presence of DNAPL or a
high-concentration residual phase beneath the borrow pit.

• The analytical history at the older fpre-RI) well clusters indicated that little natural attenuation is
occurring, and that the contaminant source beneath the borrow pit may be migrating down Blackhead
Hill.
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• A significant groundwater plume emanates from the EPIC pit area, even though the buried drums and
the contaminated soil have been removed. The VOCs detected downgradient from this source may
indicate that the EPIC pit remains a residual source for contaminated groundwater, or may represent
groundwater contaminated by the excavated soil that had not yet migrated from the area at the time
of sampling.

• The total vertical extent of the groundwater VOC contamination (both near the source areas and
further downgradient, within the Dale Valley) is not known, as the contaminant concentrations
consistently increase with depth to the total depths of this investigation. There does not appear to be
a local or regionaPbase" to the plume, below which one will encounter cleaner, uncontaminated (or
less contaminated) groundwater.

• The zone of most1 highly contaminated groundwater (TCE concentrations greater than 1,000 ug/L)
extends from the source areas downgradient for a distance of about 1 mile, into the Dale Valley.
Groundwater TCE concentrations greater than 10 ug/L (twice the MCL) extend downgradient for a
distance of approximately 10,000 feet. The furthest downgradient TCE detection to date (0.4 ug/L)
has been in a residential well located approximately 12,400 feet downgradient from Blackhead Hill.

• The VOC plume is! continuing to migrate and expand, and has not reached steady-state conditions.
The VOC concentrations in certain downgradient residential wells have increased over time. In
addition, one or two (on average) VOC detections are noted in previously uncontaminated residential
potable sources during each semiannual sampling round conducted for the RA for OU-1.

• A smaller, isolated groundwater plume of chlorinated solvents was identified in the Huffs Church
Road area through residential well sampling. This plume is characterized by low detections of TCE,
PCE, and cis-1,2-DCE, and is approximately 2,500 feet long. The source area of the plume is not
known, but the possibility that it is connected to the main plume emanating from the farm cannot be
ruled out.

Semivolatile organic compounds (SVOCs), pesticides, and polychlorinated biphenyls (PCBs) were very
rare in groundwater. The common SVOC laboratory contaminant bis (2-ethylhexyl) phthalate and di-n-
butylphthalate were each detected in three residential well samples at a maximum concentration of 9
ug/L. The pesticides aldrin, endosulfan sulfate, and Endrin ketone were detected in two monitoring well
samples at a maximum concentration of 0.065 ug/L. No pesticides were detected in any residential
potable sources. No PCBs were detected in any monitoring wells or residential wells. One PCB (Aroclor-
1260) was detected once at a concentration of 0.13 ug/L in groundwater emanating from a spring located
downgradient of the borrow pit.
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The inorganic detections within the groundwater were difficult to evaluate because various metals and
minerals are naturally occurring and pervasive within the medium. The metals iron, manganese, and lead
were selected as chemicals of potential concern (COPCs) for the baseline human health risk assessment
because their concentrations within the most highly contaminated portion of the VOC plume exceeded the
EPA Region III risk-based concentrations (RBCs).

• The selection of lead as a COPC is notable because of its widespread and elevated occurrences in
the off-site potable wells that have been sampled multiple times for the site's RA for OU-1. A
statistical background comparison test indicates that the lead in the off-site potable wells is not
attributable to the site. Supporting this conclusion is the qualitative observation that nearly all of the
lead in the monitoring wells occurs in the total metals fraction, while lead is rarely detected in the
dissolved metals fraction of each corresponding sample. This suggests that the lead detected in the
on-site wells is from local influences near the well screen and is due to the suspended sediment
(turbidity) within that sample. Consequently, lead is unlikely to be migrating as a dissolved phase
within the groundwater.

• The occurrences of iron and manganese are interpreted to be largely (if not entirely) attributable to
the local geology, rather than the disposal of hazardous waste at the farm. The groundwater
migrating through the bedrock reflects the mineralogy of the bedrock, which is rich in iron and
manganese.

Soil

VOCs occurred very rarely and in low concentrations adjacent to the borrow pit. The relatively low
concentrations of solvent that were detected, however, are interpreted to indicate that the bulk of the
solvent disposal occurred within soils that have subsequently been removed, and that little contaminated
soil remains in this area to act as a residual source of contamination. A single detection of TCE at the
trash dump is notable because it indicates that at least minor amounts of solvent, or materials and
equipment containing solvent, were disposed at the dump, although the dump is not a major contributor to
the groundwater solvent plume.

SVOC detections within the site soils were relatively rare, consisted primarily of PAHs, and were limited to
a few locations. Most SVOCs were detected within the two test pits dug at the trash dump. Pesticides
were relatively common throughout the site but occurred in low concentrations, which was not
unexpected given the agricultural use of the land. PCBs were very rare throughout the site; the most
notable detection was Aroclor-1260 at a concentration of 1,000 ug/L from a test pit at the trash dump.
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The inorganic COPCs for the soil medium identified through the baseline risk assessment included
aluminum, chromium, iron, manganese, and vanadium (for surface and subsurface soils), and these
same metals plus arsenic and thallium for the test pit soils at the trash dump. The Rl concluded that none
of the metals compristig the COPCs occur at elevated concentrations as a result of, or related to, the
unregulated disposal of hazardous waste solvents that has been the basis of this investigation. The
detected concentrations of the metals are interpreted to result from a combination of the natural soil and
bedrock mineralogy (there are numerous surface mines within the area), the introduction of metals
through the historical application of crop fertilizers, and the more recent application of concentrated
biosolids (municipal sewage sludge) for crops.

Surface Water

Surface water contamination (particularly by the chlorinated solvents) is fairly widespread on the Crossley
Farm and throughout trfie study area. This is not unexpected, given the contaminated state of the shallow
groundwater, the numerous springs within the area that receive the discharge of this shallow
groundwater, and the existence of a major discharge zone (the Perkiomen Creek valley) that bisects the
study area and also receives the discharge of the shallow groundwater.

Because the groundwater and stream hydraulics are so closely interrelated, it is difficult to isolate the
source of the VOCs at any particular location, such as whether the source of VOCs at a surface water
sampling station is an Upgradient contaminated spring (where the VOCs have migrated to the sampling
location as surface water flow), or is contaminated groundwater that is discharging through the stream
bed and directly into the stream at that location. In all cases, though, the source of the surface water
contamination is interpreted to be contaminated groundwater that is discharging to the surface, rather
than contaminated surface water migrating via overland flow from the source areas.

The highest concentrations of VOCs are detected at a spring located along the western slope of
Blackhead Hill. Although the VOC concentrations within the small stream flowing from the spring
decreased in the downgradient direction, the detectable levels of TCE and 1,2-DCE within the stream
about 800 feet downstream from the spring suggest that the surface waters within the stream are most
likely significantly contaminated between these points. The surface water VOC detections within the
more distal portion of the groundwater plume include a TCE detection of 14 ug/L from the Perkiomen
Creek at a location 10,000 feet south of the borrow pit.

SVOCs, pesticides, and PCBs were detected very rarely and at low concentrations. Di-n-butylphthalate
was detected at two locations at a concentration of 1 ug/L. One pesticide (Delta-BHC) was detected at
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an on-site location (the Bass Pond) at a concentration of 0.0031 ug/L, and one PCB (Aroctor-1260) was
detected at an off-site spring located immediately downgradient of the borrow pit at a concentration of
0.13 ug/L. Both of these compounds occur in on-site soils, and the site is the likely source of both
detections.

Inorganics were abundant and pervasive within the surface waters throughout the study area. The
cumulative list of inorganic COPCs within the surface waters (location-specific risks were calculated for
each sampling station for the baseline risk assessment) include: aluminum, arsenic, barium, iron,
manganese, thallium, beryllium, cyanide, chromium, lead, and zinc. The Rl concluded that cyanide is
probably attributable to the site, and aluminum, beryllium, and chromium may be attributable to the site,
although the conclusions for the latter metals are not unequivocal.

The highest concentrations of many inorganics occurred at a seep that was located approximately 3,100
feet downgradient from the borrow pit, within an abandoned iron ore pit or surface mine. The water
emanating from this seep at the time of sampling was noticeably colored orange to rust. Although the
detection of TCE within the aqueous sample (albeit at low levels) indicated that this location receives
discharge from and was impacted by the site, the corollary evidence suggests that the metals are
naturally occurring and not related to the disposal of solvents.

Sediment

VOCs were detected frequently at elevated concentrations within the sediments. Overall, the distribution
patterns of the VOCs within the sediments were very similar to those of surface water. For VOCs, it is
difficult to interpret the sediment results because it is difficult to isolate or "uncouple" the influence or
effects of the interstitial water chemistry, or the water that occurs within the pore spaces between the
sedimentary particles.

SVOCs were neither common nor abundant within the study area, although the areal distribution of
SVOCs indicated that they occur more frequently downgradient from the site than upgradient from the
site. The SVOCs detected at the downgradient locations were also qualitatively similar to the SVOCs
detected in the soils at the on-site trash dump. The impacted downgradient sediment locations, however,
all lie fairly close to Dale Road; it is possible that run-off from the road may be the source (or a
contributor) of the SVOCs.

Pesticides were detected at generally low concentrations within many of the sediments throughout the
study area, which is not unexpected, given the predominantly agricultural use of the land. The detected
concentrations fall within a fairly narrow range, and there are no obvious "hot spots" or point sources of
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pesticides. PCBs (Aroclor-1254) were detected at several sediment locations within the Perkiomen
Creek, including an upgradient location. Although PCBs were detected (rarely) within site soils, they were
not detected within any site sediments. The Crossley Farm (in general) and the solvent disposal areas (in
particular) are not interpreted to be sources of PCB contamination in the off-site sediments because of
the presence of PCBs in the background sediment and the lack of PCBs in the on-site sediments.

Inorganics were abundant and pervasive within the sediments throughout the study area. The analytical
data suggest that the site may be a source of some metals. There is considerable uncertainty associated
with this conclusion, including the uncertainty whether the elevated concentrations of the metals, even if
attributable to the site, are associated with the disposal of the hazardous wastes (solvents) that are the
subject and cause of this Rl.

A comparison of the hydraulically upgradient (background) sediment concentrations with the
downgradient sedimerit concentrations revealed that many of the inorganics occurred in the upgradient
locations, indicating they are not solely site related. A qualitative screening revealed that none of the
respective background concentrations are appreciably greater than the approximate midpoint of each
concentration range, suggesting that the farm may be a contributor of some metals. Many of the metals,
however, were detected at their maximum concentrations at the abandoned iron surface mine located
approximately 3,100 feet downgradient from the borrow pit. This pit (and other similar deposits) are likely
sources for many elevated inorganic concentrations detected throughout the study area.

Human Health Risk Assessment

The specific objectives; of the baseline risk assessment (BLRA) were to:

• Estimate the actual or potential risks to human health resulting from the presence of contamination in
surface soil, total soil, test pit (trash dump) soil, sediment, surface water, and area groundwater at
designated areas/media of concern, including site surface and subsurface soils, one groundwater
plume, all potable sources (wells and springs) within the study area, and sediment and surface water
from the Perkiomen Creek and Tributaries Watershed.

• Provide a basis for attainment of concentrations that are protective of potential human receptors
under residential, industrial, recreational, and construction exposure scenarios.

• Determine the need for remedial measures (if applicable) for these media.
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Three major aspects of chemical contamination must be considered when assessing public health risks.
Contaminants with toxic characteristics must be found in environmental media and must be released by
either natural processes or human action; potential exposure points must exist either at the source or via
migration pathways if exposure occurs at a remote location other than the source; and human or
environmental receptors must be present at the point of exposure. Risk is a function of both toxicity and
exposure; without any one of the three factors listed above, there is no risk.

The groundwater risks at the existing potable sources (residential groundwater) were calculated
individually for each potable source within the study area and submitted prior to the conclusion of this Rl
as the Baseline Risk Assessment for Potable Water Sources (TtNUS July, 2000), which evaluated current
exposures to child and adult residents.

For the area groundwater (excluding the residential groundwater), health risks were calculated for the
center of plume, which was defined for the purpose of evaluating the existing and potential worst-case
health effects. The center of plume represents the most highly contaminated groundwater, and is defined
as all groundwater occurring within the 1,000 ug/L contaminant contour (that is, all groundwater
contaminated to levels equal to, or exceeding, 1,000 ug/L of TCE). Although the center of plume is
geographically continuous with the entire dissolved-phase plume (it is not physically isolated from the
total plume), its aerial extent is largely restricted to Blackhead Hill and the areas immediately adjacent to
the hill.

The BLRA considered potential exposures to residents (future exposures), recreational receptors
(current/future exposures), industrial workers (future exposures), construction workers (future exposures),
and farm residents (future exposures). COPCs were identified based on exceedances of several
screening criteria (generally based on residential exposure) or positive detections in surface water and
sediment media.

Although carcinogenic and noncarcinogenic risks were summarized separately for each exposure
medium (see Section 6.5), a more realistic scenario is that each potential receptor can be exposed to
more than one medium, depending on receptor activity patterns. Therefore, additive risks were estimated
to show the maximum risks that each individual receptor might incur as a result of exposure to multiple
media at the site. Maximum risks for a receptor were based on the combined exposure to those areas
having the highest risk for each medium. The significant risks from combined media exposures for all
receptors are summarized in the following paragraphs.
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Residential Receptors

Maximum risks for a residential child, residential adult, and lifetime resident are shown in Appendix K
(Part 9) Table 9 (RAG$ D 9.5.RME, 9.6.RME, and 9.7.RME). The locations at Crossley Farm Site chosen
to represent the maximum risks for a residential receptor exposed to all applicable media include:
Groundwater, Test Pit Soil, SW/SD10 during wading activities, SW/SD10 during swimming activities, and
surface water locations associated with fishing in the Perkiomen Creek (see Figure 2-13 for surface water
and sediment locations). For a residential child, residential adult, and lifetime resident, the RME
carcinogenic risks were significantly greater than 1x10"* based upon contributions from groundwater but
risks across other pathways (soil, sediment, and surface water) were less than 1 x 10"4. For the
residential child, groundwater ingestion was 54 percent of combined cancer risk and dermal contact with
groundwater was 46 percent. For the residential adult, groundwater ingestion was 55 percent of
combined cancer risk and inhalation during showering with groundwater was 45 percent. For the lifetime
resident, groundwater ingestion was 55 percent of combined cancer risk, dermal contact with
groundwater was 19 percent, and inhalation during showering with groundwater was 26 percent.

Maximum noncancer risks for the residential child and residential adult were driven by several
contaminants in groundwater, including VOCs and iron (HI of 1030 for groundwater ingestion, and HI of
1320 for dermal contact for the residential child, HI of 631 for inhalation of vapors during showering and
HI of 378 for groundwater ingestion for the residential adult). In addition, maximum risks were significant
due to contact with test pit soil (iron in soil contributed the most to an HI for the liver of 2.37 for a
residential child). Iron is naturally occurring at the site. Swimming and wading exposures to TCE in
surface water SW10 (see Figure 2-13) were also significant, with respective HQs of 3.3 and 1.7 for the
residential child and HQs of 2.0 and 1.0 for the residential adult. The target organs affected are the
liver/kidney.

The significant RME carcinogenic and noncarcinogenic risks were mostly attributable to groundwater
exposure. The groundwater locations showing the greatest concentrations of TCE, the primary risk
driver, were examined in detail in Section 4.0, Nature and Extent of Contamination, and are illustrated in
Figures 4-1 through 4-6. Because the source area was located atop a hill, the distribution of TCE was
widespread and irregular. Overall the plume appears in a horseshoe shape, and the lateral distribution of
locations exhibiting TCE greater than 1000 ug/L reaches over a mile from the source area(s) in deep
groundwater while the distribution of concentrations greater than 1000 ug/L is less than 1000 feet from
the source area(s) in shallow groundwater.

For the residential child, iron exposures were common to test pit soil, surface soil, and total soil (disturbed
soil), with associated HQs greater than 1.0 in each case for liver, blood, and Gl tract. For the residential
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child and residential adult, ad surface water/sediment locations except SW10 exhibited noncancer risks
with target organ His less than 1.0. For the residential child and residential adult, TCE was a non-cancer
risk driver for both wading and swimming at location SW10. TCE was not a risk driver at other surface
water/sediment locations, although TCE was detected at levels in the hundreds of ug/L in seeps too
shallow for swimming at locations SW11, SW13, and SW15 (see Figure 2-13 for surface water and
sediment locations).

Residential Child

The COPCs contributing to significant carcinogenic risks for a residential child are presented in Appendix
K (Part 10) Table 10 (RAGs D 10.5.RME). The same information regarding COPCs which are risk drivers
is presented for CTE risks using maximum exposure locations in Appendix K (Part 10) Table 10 (RAGs D
10.5.CTE). The significant RME carcinogenic and noncarcinogenic risks were mostly attributable to
groundwater exposure. For groundwater contact, several COPCs had a carcinogenic risk greater than 1
x 10"4 or contributed to greater than 90 percent of the total carcinogenic risk: TCE (57.6 percent of
groundwater contact carcinogenic risk); 1,1-DCE (19.0 percent of carcinogenic risk); PCE (10.3 percent of
carcinogenic risk); and Carbon Tetrachloride (5.1 percent of carcinogenic risk).

The COPCs contributing to significant noncarcinogenic risks for a residential child are presented in
Appendix K (Part 10) Table 10 (RAGs D 10.5.RME). For contact with groundwater the target organ His
greaterthan 1.0 and the major contributing COPCs to these risks were: Liver (TCE, PCE, 1,1-DCE, 1,2-
DCE, chloroform, and Iron); Kidney (TCE); Blood (Benzene and Iron); Immune (Benzene); CNS/Thymus
(1.2-DCA); and Gl Tract (1,2-DCA and Iron).

Residential Adult

The COPCs contributing to significant carcinogenic risks for a residential adult are presented in Appendix
K (Part 10) Table 10 (RAGs D 10.6.RME). The same information regarding COPCs which are risk drivers
is presented for CTE risks using maximum exposure locations in Appendix K (Part 10) Table 10 (RAGs D
10.6.CTE). For groundwater contact, several COPCs had a carcinogenic risk greater than 1 x 10"4 or
contributed to greater than 90 percent of the total carcinogenic risk: (TCE: 41.0 percent of groundwater
contact carcinogenic risk); (1,1-DCE: 31.4 percent of carcinogenic risk); (1,2-DCA: 4.9 percent of
carcinogenic risk); (PCE: 4.9 percent of carcinogenic risk); and (Carbon Tetrachloride: 7.8 percent of
carcinogenic risk). For groundwater inhalation (via showering), several COPCs had a carcinogenic risk
greater than 1 x 10"4 or contributed to greater than 90 percent of the total carcinogenic risk: (TCE: 47.7
percent of the groundwater inhalation carcinogenic risk); (1,1-DCE: 22.1 percent of carcinogenic risk);
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(1,2-DCA: 10.0 percent of carcinogenic risk); (Chloroform: 9.8 percent of carcinogenic risk); (Carbon
Tetrachloride: 6.5 percent of carcinogenic risk); and (1,1,2-TCA: 6.4 percent of carcinogenic risk).

The COPCs contributing to significant noncarcinogenic risks for a residential adult are presented in
Appendix K (Part 10) Table 10 (RAGs D 10.6.RME). For contact with groundwater the target organ His
greater than 1.0 and the major contributing COPCs to these risks were: Liver (TCE, PCE, Chloroform,
1,1-DCE, 1,2-DCE, and Iron); Kidney (TCE); Blood (Benzene and Iron); Immune (Benzene); and Gl Tract
(Iron and 1,2-DCA). For inhalation (via showering) of groundwater the target organ His greater than 1.0
and the major contributing COPCs to these risks were: Respiratory (Chloroform); Blood (Benzene); and
Immune (1,2-DCA).

Lifetime Resident

The COPCs contributing to significant carcinogenic risks for a lifetime resident are presented in Appendix
K (Part 10) Table 10 (RAGs D 10.7.RME). The same information regarding COPCs which are risk drivers
is presented for CTE rteks using maximum exposure locations in Appendix K (Part 10) Table 10 (RAGs D
10.7.CTE). For groundwater contact, several COPCs had a carcinogenic risk greater than 1 x 10"4 or
contributed to greater than 90 percent of the total carcinogenic risk: (TCE: 51.0 percent of groundwater
contact carcinogenic ri$k); (1,1-DCE: 25.0 percent of carcinogenic risk); (PCE: 8.1 percent of carcinogenic
risk); and (Carbon Tetrachloride: 6.4 percent of carcinogenic risk). For groundwater inhalation (via
showering), several Cd>PCs had a carcinogenic risk greater than 1 x 10"4 or contributed to greater than 90
percent of the total carcinogenic risk: (TCE: 44.8 percent of the groundwater inhalation carcinogenic
risk); (1,1-DCE: 20.8 percent of carcinogenic risk); (1,2-DCA: 9.4 percent of carcinogenic risk);
(Chloroform: 9.2 percent of carcinogenic risk); and (Carbon Tetrachloride: 6.1 percent of carcinogenic
risk).

Ecological Risk Assessment

The Ecological Risk Assessment (ERA) evaluated the potential ecological impacts and risks at the site
through the performance of an ecological screening task and a food chain modeling task. The ecological
screening compared the chemical concentrations from site samples of environmental media (surface soil,
surface water, and sediment) against the medium-specific benchmark concentrations for those chemicals
that are recognized as having little potential for adverse impacts to organisms inhabiting those media.
These concentrations, developed by the EPA Region III STAG, are purposefully conservative so as to be
protective of the most sensitive floral and faunal receptors. The ecological screening addressed potential
risk to endpoints involving adverse effects on small and relatively immobile ecological receptors that
directly inhabit soil, sediment, or surface water.
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The food chain modeling estimated doses of stressor chemicals received by larger, more mobile
ecological receptors that were exposed to multiple environmental media on the site. The estimated doses
were compared against doses reported in the scientific literature as having little or no potential for
adverse effects to similar receptors. Because of the predominantly terrestrial character of the Crossley
Farm Site, the food chain modeling focused on several species of terrestrial wildlife and birds likely to
drink the surface water and feed on various plants and invertebrates inhabiting the upland soils and
wetlands on the site.

For inorganic constituents, the high Hazard Quotient (HQ) values for aluminum are particularly
noteworthy. For each receptor, the dose contribution of aluminum was almost entirely attributable to soil
and sediment. However, the maximum aluminum concentrations in the soil and sediment samples on the
Crossley Farm Site were close to the range of concentrations reported in natural soils in the eastern
United States, and other potential sources of aluminum at the farm included the occurrence of aluminum
in the biosolids (sewage sludge) and other fertilizers routinely deposited on the surface of the agricultural
fields throughout the farm.

The high HQ values for the pesticides chlordane and endrin are noteworthy for receptors deriving a
significant portion of their diet from soil invertebrates. The results clearly suggest that individuals of
certain receptors obtaining part of their diet from soil invertebrates at localized areas of maximum
chlordane and endrin concentrations in sediment may be experiencing adverse toxicological effects. The
analytical data, however, indicate that the sediment detections are localized, rather than widespread over
the entire site. The population-level impacts, considered on a regional landscape basis, are not
considered to likely be significant.

• The ecological screening assessment and the food chain modeling suggest that the concentrations of
certain chemical constituents at the site may be adversely affecting some of the more sensitive
ecological receptors, especially those receptors that are relatively immobile and spend extended
periods of time localized within areas of maximal concentrations. However, the maximum
contaminant concentrations do not greatly exceed the corresponding ecological screening levels, and
even the highest doses estimated through food chain modeling do not greatly exceed the
corresponding lowest-observed-adverse-affect-levels (LOAELs) established as dose benchmarks for
the more mobile bird and terrestrial wildlife receptors. This suggests that any adverse effects are
likely modest and may only involve the most sensitive receptor species present on the site. The
results do not suggest a likelihood of widespread substantial impacts to the overall ecosystem.

UDOCUMENTS/RAC/RAC3/7525/14688 £S-17



No further investigation or remediation solely to address ecological receptors is recommended for this
site. The highest concentrations of most constituents on the site occur in sediments located within
the small seepage wetlands on forested slopes. If the results of the screening and food chain
modeling were conservatively interpreted to require sediment excavation, that excavation would result
in the physical destruction of several small but complex wetlands that would be difficult to reconstruct,
regardless of budget. Even if successfully restored, several decades would be necessary for newly
planted trees to attain the size necessary to shade the restored wetlands so as to provide habitat
conditions resembling current conditions. The ecological impacts resulting from the excavation of
wetland sediment, even if the wetlands were restored to the best of available technology, would likely
be greater than the limited toxicological impacts to ecological receptors resulting from leaving the
existing sediment in place.
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1.0 INTRODUCTION

1.1 PURPOSE OF THE REPORT

This report presents the results of the remedial investigation (Rl) performed for the Crossley Farm
National Priorities List Site, located in Hereford Township, Berks County, Pennsylvania. Tetra Tech NUS,
Inc. (TtNUS) performed the Rl for the United States Environmental Protection Agency (EPA) underwork
Assignment 009-RICO-03S2, Contract No. 68-S8-3003, and Work Assignment 37-56-3LS2, Contract No.
68-W8-0037. This work was performed in accordance with the Project Operations Plan (Halliburton NUS
Corporation, 1995) and the Work Plan (TtNUS, 1997) prepared for the site.

The purpose of the Rl was to characterize the nature and extent of contamination associated with site-
related disposal activities, to provide a comprehensive assessment of the actual and potential human
health and environmental risks associated with the site, and to provide the data needed to evaluate
remedial alternatives during the feasibility study. Groundwater contamination has been known to exist at
the site since 1983, when regulatory investigation began in response to citizens' complaints regarding the
quality of their well water. The complete regulatory history of the site is discussed in Section 1.2.4. A
Regional Hydrogeologic Investigation (Weston, 1988) concluded that the Crossley Farm was the probable
source of the contamination, and hypothesized that likely source areas included either an on-site quarry
or borrow pit area. This Rl provides additional data to supplement the limited data obtained through the
narrow scope of the regional investigation, investigates other potential source areas, and fills identified
data gaps regarding the on-site and off-site nature and extent of contamination with respect to multiple
media. The media investigated include groundwater (potable welfs and springs, monitoring wells, and
non-potable springs), surface soil, subsurface soil, surface water, and sediment.

1.2 BACKGROUND INFORMATION

1.2.1 Site Description and Setting

The Crossley Farm Site is located in the Huffs Church community of Hereford Township, Berks County,
Pennsylvania. This location is approximately 50 miles northwest of Philadelphia and 21 miles northeast
of Reading (Figure 1-1). The site is located along the southern side of Huffs Church Road, approximately
3 miles west-northwest of State Route 100 and northwest of the borough of Bally (Figures 1-2 and 1-3).

The site is located within the Reading Prong Section of the New England Physiographic Province. The
topography within the study area primarily reflects the complex underlying bedrock geology and consists
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of high hills and ridges underlain by more resistant metamorphic and igneous rocks and broad, low
valleys underlain by less resistant carbonate rocks. The most prominent highland within the study area
occurs at the site and is known locally as Blackhead Hill. The hill is very steeply sloped to the west and
south of its crest. To the north and east of its crest, the hill is fairly level or flat and supports a working
farm over much of its area. The crest of Blackhead Hill is underlain by the Hardyston Quartzite, which
makes an attractive building stone. A small quarry at the crest of the hill has been active for over 50
years.

1.2.2 Site Operating History

The Crossley Farm is an active farm that has operated as a dairy farm and a crop farm. Some dairy
farming still occurs, although the dairy operations were reportedly more extensive in the past; the dates of
operation are uncertain. Presently, most of the farm is dedicated to crops; corn and alfalfa are the
dominant crops.

From the mid-1960s to the mid-1970s, a local plant reportedly sent numerous drums to the Crossley Farm
for disposal. These drums contained mostly liquid waste and were described as having a distinctive
"solvent" odor. The plant was believed to have used trichloroethene (TCE) as a degreaser from at least
the mid-1960s until 1973 and tetrachlorethene (PCE) from at least the early 1960s until 1980.

1.2.3 Potential Source Areas and Areas of Investigation

Prior to the Rl field investigation, the file information for the site was reviewed, the suspected or alleged
waste disposal areas on the farm were catalogued, and a source investigation was planned to determine
which of these areas were actually sources of groundwater contamination. These potential source areas
included a trash dump targeted as a likely source by the Pennsylvania Department of Health (PADOH),
the quarry and the borrow pit area cited as potential sources in the regional hydrogeologic study, an
alleged drum disposal area identified through a review of field notes recorded during the regional
hydrogeologic study, and an area of disturbed ground that was identified through the analysts of historical
aerial photographs by the EPA Environmental Photographic Interpretation Center (EPIC), or the EPIC pit
area. These areas are illustrated in Figure 1-4. The evidence implicating each of these areas as at least
a potential source area is discussed below in the subsection for each area; the evidence ranged from
technical data gathered during an earlier field investigation to hearsay reports offered by area residents to
field personnel during those investigations.
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1.2.3.1 Trash Dump Area

The trash dump (Figure 1-5) is located approximately 2,000 feet south of Huffs Church Road and
reportedly consists chiefly of household trash. The dump area is roughly rectangular in shape and covers
an area approximately 250 feet long by 160 feet wide. Most of the waste area lies within what is now
wooded land, although the eastern extent of the trash dump extends into the open field. The presence of
stone rows within the dump area and the observation that the trees within the dump consist of early
successional species that generally appear younger than the trees located outside the dump (especially
to the south) suggest that this area may have been open field at the time of trash disposal. The dump is
situated along an east-west-trending ridge that forms a prominent local topographic feature on the farm.

1.2.3.2 Quarry Area

The quarry (Figure 1-6) is located approximately 3,000 feet south of Huffs Church Road. The quarry
forms the crest of Blackhead Hill and is the highest topographic point within the area. The Regional
Hydrogeologic Study (Weston, 1988) identified the quarry as a potential site for the unregulated disposal
of solvents, noting that liquid waste poured over the exposed rock would have migrated quickly in the
fractured bedrock aquifer. The quarry has been mined for building stone since at least 1946, which is the
date of the earliest aerial photograph available for the site (EPIC, 1990). The presence of Hardyston
Quartzite as building stone in older, local structures suggests that the quarry may have existed well
before the 1940s. Site records indicate that a local building stone company routinely obtained stone from
the quarry from 1957 to at least the late 1970s.

The quarry consists of large quartzite outcrop along the northern side of the crest of the Blackhead Hill
ridge that is flanked to the north and west by a quartzite boulder talus slope. It does not appear that any
actual digging or excavation activities have occurred at the quarry. Rather, a series of benches parallel to
the surface topography have been cut into the talus slope to facilitate the mining of the building stone.
The presence of drill holes in some boulders indicates that some amount of blasting has occurred
historically to either dislodge the rock from the outcrop or possibly to break up some of the large talus
boulders into smaller fragments.

1.2.3.3 Borrow Pit Area

The borrow pit area (Figure 1-7) is located approximately 400 feet east of the quarry and is approximately
375 feet long by 150 feet wide. The borrow pit currently is a topographic depression or hole in the
eastern flank of Blackhead Hill that has been excavated to the top of bedrock (saprolite) and is open on
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the northern and southern sides, where the farm road cuts through the pit. The eastern and western
borders of the pit are marked by an approximately 8- to 12-foot-high soil scarp that represents the original
elevation of the excavated soil. The Regional Hydrogeologic Study (Weston, 1988) identified the borrow
pit as a potential site for the unregulated disposal of solvents based on the results of Weston's soil gas
study and on information provided by local residents, who indicated that the borrow pit was historically a
staging area for drummed waste solvents that were ultimately disposed elsewhere on the farm.

The EPIC investigation (EPA, 1990) first noted activity in the borrow pit area (an area of disturbed
ground) in a 1958 photograph. This area appeared unchanged through 1964, but by 1969 (the date of
the next photograph) a large pit was evident. By 1971, activity appeared to have increased around the
pit, and part of the pit appeared to have been backfilled and graded. By 1980, the borrow pit area had
expanded southward, and most of the northern portion of the pit had been filled and graded. A pit was
again noted in 1984, and by 1987 (the date of the last photograph), the entire area was classified as
re vegetating.

1.2.3.4 Alleged Drum Disposal Area

The alleged drum disposal area (Figure 1-8) is the portion of the farm field that exists north of the quarry,
south of the trash dump, and west of the main farm road leading back to the quarry from Huffs Church
Road. This area is roughly rectangular in shape and measures about 360 feet long by 300 feet wide.
During the performance of the Regional Hydrogeologic Study (Weston, 1988), a local resident
approached a member of the field investigation team and identified this area as the location of buried
drums. That conversation did not result in any investigative activity in this area, but a memo of the
conversation was generated and placed in the project files.

1.2.3.5 EPIC Pit Area

The EPIC pit area (Figure 1-9) is located within the main farm field to the northeast of the quarry and
borrow pit areas and along the inside bend of a farm path. The EPIC pit area is roughly rectangular in
shape and measures about 360 feet long by 260 feet wide. The EPIC investigation (EPA, 1990) noted
possible disposal activity in this area in a 1980 photograph and described a large, deep pit containing
possible debris.

1.2.4 Regulatory History

Regulatory involvement at this site began in 1983, when local residents complained to the Pennsylvania
Department of Environmental Protection (PADEP) about odors in private water supply wells. A PADEP
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sampling program of local wells conducted in September 1983 revealed concentrations of TCE as high as
8,500 ug/L and PCE as high as 110 ug/L. A subsequent sampling round conducted by PADEP and the
EPA Region III Technical Assistance Team (TAT) contractor in November 1983 revealed that eight home
wells contained detectable levels of TCE; in six of these wells the concentrations of TCE exceeded 200
ug/L.

As a result of the November 1983 sampling, PADEP issued a health advisory on groundwater use in the
area and recommended either boiling water, installing carbon filtration systems, or using bottled water
where TCE concentrations exceeded 45 ug/L. Shortly thereafter, a temporary water supply was provided
by the Pennsylvania National Guard through the Pennsylvania Emergency Management Agency. This
supply was terminated in mid-1985.

After the health advisory was issued, local residents began to voice concerns about Crossley Farm and
alleged dumping of wastes there. In response to these concerns, EPA directed the Region III Field
Investigation Team (FIT) contractor to conduct a preliminary assessment (PA) of the property. The PA,
completed in June 1984, concluded that insufficient information existed to identify the source of the
groundwater contamination and suggested that a regional groundwater study be conducted.

Further citizen complaints in August 1986 prompted additional rounds of sampling by the TAT contractor
in September 1986. TCE levels detected during these rounds ranged up to 19,000 ug/L. In October
1986, the Agency for Toxic Substances and Disease Registry (ATSDR) performed a health consultation
for EPA. Additional well sampling in November 1986 detected TCE at a maximum level of 22,857 ug/L.
EPA initiated a removal action in December 1986, and, in January 1987, EPA began installing carbon
filtration units on impacted private wells.

In the spring of 1987, EPA directed the Region III Emergency Response Team (ERT) contractor to
conduct a regional hydrogeological investigation to include the installation and sampling of monitoring
wells on and around the Crossley Farm Site and the sampling of residential well supplies. This
investigation, completed in August 1988, concluded that the source of the TCE in the groundwater was
near the crest of Blackhead Hill. The abandoned quarry and the borrow pit area were cited as the
presumed source areas. The investigation delineated a contaminated groundwater plume extending
approximately 7,000 feet downgradient from Blackhead Hill and along Dale Road.

Concurrent with and independent of the EPA study, residential wells near the community of Dale were
sampled and analyzed for polychlorinated biphenyls (PCBs) and other contaminants as part of a PADEP
investigation of the Texas Eastern - Bechtelsville compressor station. One residential welt located on
Forgedale Road contained TCE at levels greater than 200 ug/L, suggesting that the TCE plume
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associated with the Crossley Farm Site extended even farther to the south than mapped, since TCE was
determined not to be a common waste product from compressor station operations. This result prompted
additional sampling by EPA along Forgedale Road, south to Old Route 100, as part of the Crossley Farm
investigation. These analytical data indicated that the plume extended south of the compressor station
and Forgedale Road and about 9,000 feet downgradient from Blackhead Hill.

In February 1991, EPA issued the final Hazard Ranking System (HRS) package for the Crossley Farm
Site in preparation for the site's proposal for the National Priorities List (NPL). In July 1991, the site was
proposed for the NPL, and the site was formally listed on the NPL in October 1992.

In September 1991, ATSDR performed a health consultation of the Crossley Farm Site at the request of
the Pennsylvania Department of Health (PADOH). ATSDR recommended that the extent of the
contaminated groundwater plume be defined and that all supply wells that could potentially be affected by
the contamination be identified and monitored.

In March 1992, PADOH and ATSDR held a community meeting to meet with interested or concerned
residents. ATSDR representatives discussed the National Exposure Registry and the process of bringing
exposed individuals into the TCE Subregistry. In the days following the meeting, some area residents
believed to have beer) exposed to the highest levels of TCE in the groundwater were added to the
registry. PADOH and ATSDR also conducted a presentation to the Berks County Medical Society on the
TCE contamination of environmental media at several NPL sites in Berks County and the toxic effects of
TCE on humans.

In February 1993, ATSDR finalized a preliminary public health assessment for the Crossley Farm Site.
The assessment concluded that the site presented an urgent public health hazard and made
recommendations to reduce the public health risk associated with the site.

In July 1994, ATSDR Issued a Site Review and Update (SRU) for the Crossley Farm Site. The SRU
stated that the site remained a public health hazard to area residents and recommended that either a
health consult or another SRU be performed upon completion of a planned remedial investigation for the
site.

In September 1994, EPA tasked Halliburton NUS Corporation to perform a remedial investigation and
feasibility study (RI/FS) for the site. It was decided during subsequent scoping meetings and discussions
that the investigation and ultimate disposition of the contaminated residential well supply problem (which
subsequently became Operable Unit-1) should be expedited and addressed in a focused feasibility study
(FFS) prior to the site investigation activities.
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To support the FFS, a preliminary risk assessment (PRA) using the limited historical residential analytical
data was completed by HNUS in October 1996 to support the FFS and to identify contaminants of
concern, potential exposure pathways that could result in unacceptable risks to residents living near the
site, and residences that may be subjected to potential health risks from using groundwater affected by
site contaminants. The PRA determined that TCE was the major contributor of carcinogenic risk for most
of the affected wells, although other contaminants of concern (COCs) (principally chlorinated solvents)
also individually contributed to carcinogenic risk in excess of 1E-6, which is equivalent to causing one
additional death by cancer (beyond those that would still occur in the absence of the contamination)
within a population of 1 million people. Similarly, TCE was the major contributor to noncarcinogenic risk,
with an individual Hazard Quotient (HQ) exceeding 1.0.

The FFS for residential water supplies was completed in January 1997. The FFS presented a detailed
analysis of four potential remedial alternatives, including no action, delivered water, point-of-entry
treatment, and a water line. For the Proposed Plan, EPA selected the point-of-entry treatment system
(carbon filtration units) as its preferred alternative. The FFS and the Proposed Plan were released to the
public on February 10, 1997, and the public comment period extended from February 10 to March 12,
1997. A public meeting was held in the vicinity of the site at the Washington Township Elementary
School on March 5, 1997.

On June 30, 1997, the Record of Decision (ROD) for Operable Unit-1 (OU-1) was signed by EPA. OU-1
is defined as the potable groundwater sources within the project area. The ROD presented the factual
and legal bases for EPA's selection of the point-of-entry treatment system as the interim remedy for
contaminated potable sources at the site and EPA's decision to install the systems on all residential
supplies that had been impacted by the site.

In September 1997, EPA tasked TtNUS to perform the remedial design (RD) for the point-of-entry
treatment systems.

The Rl field activities began in October 1996 with the execution of surface geophysics and soil gas
surveys. These surveys identified an extensive geophysical anomaly indicative of subsurface metallic
materials with corresponding elevated soil gas detections for chlorinated solvents in the agricultural field
in an area of historically disturbed soils identified in an analysis of historical aerial photographs. A test pit
excavated in December 1997 by the EPA Removal Section confirmed the presence of buried drums and
associated contaminated soil. The subsequent removal action conducted during the summer of 1998
resulted in the excavation and removal of approximately 1,200 buried drums and 15,000 tons of
contaminated soil.
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1.2.5 EPA Removal Actions

EPA initiated a removal action in December 1986 by installing carbon filter units on the most severely
impacted residential wells. A contaminant concentration level of 180 ug/L of TCE or greater was used as
the criterion for the removal action for any particular well. This criterion was developed in consultation
with ATSDR and was pased on one-half of the Drinking Water Equivalent Level (DWEL). A total of 15
carbon filter units were installed and maintained by EPA. A contractor serviced the units approximately
every 2 months, and the carbon units were rotated about every 6 months.

EPA initiated a removal action in December 1997 at the suspected drum burial area identified by the Rl's
geophysical and soil gas investigations. Test pits confirmed the presence of the drums, and removal
operations began durirtg the summer of 1998. Approximately 1,200 buried drums and 15,000 tons of
contaminated soil were ultimately removed from an excavation area measuring about 240 feet long by
100 feet wide by 25 fefet deep. The lateral extents of the excavation were determined by the results of
soil confirmation sampling, and the depth of the excavation was limited by the saturated soil conditions
encountered at the water table near the top of weathered bedrock.

1.2.6 EPA Remedial Action

In September 1999, EFJA began the implementation of the remedial action (RA) for OU-1. For this interim
remedy, EPA installed'dual carbon point-of-entry treatment systems on any well that was impacted by
any site-related contaminant at any concentration during the historical sampling of potable supplies in the
study area. A total of 43 treatment systems have been installed to date. EPA is also performing routine
operations and maintenance (O&M) of the systems, including monthly sampling of each unit. PADEP is
scheduled to assume O&M responsibilities for the systems in January 2001.

1.3 REPORT ORGANIZATION

This report is organized into the following eight sections.

• Section 1.0 (Introduction) is this introduction, which provides site background information
including the site description and location, site history, and previous investigations.

• Section 2.0 (Data Collection) details the field activities conducted as part of the Rl.
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* Section 3.0 (Physical Characteristics of the Site) describes surface features, climatology, surface
water hydrology, geology, soils, hydrogeology, land use, and ecology for the site and presents the
results of the field activities that pertain to the physical characteristics of the site.

• Section 4.0 (Nature and Extent of Contamination) presents the results of the chemical analyses
performed for sampling activities for this Rl.

• Section 5.0 (Contaminant Fate and Transport) presents contaminant fate processes, information
on the persistence of contaminants, and observed contaminant trends and how they relate to
these fate processes.

• Section 6.0 (Human Health Risk Assessment) provides an assessment of human health risks
associated with chemical contaminants, including estimates of current and potential carcinogenic
and noncarcinogenic risks.

* Section 7.0 (Ecological Risk Assessment) presents an assessment of environmental risks
including current and potential impacts from the site on nearby flora, fauna, and agricultural
communities.

• Section 8.0 (Data Gaps and Recommendations for Further Investigation) presents a discussion of
additional data needs that have been identified through the performance of this Rl.
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2.0 FIELD DATA COLLECTION

The objectives of the RI/FS for the Crossley Farm Site were

• To characterize the nature and extent of site-related contamination in soil, groundwater, and surface
water and sediments.

• To collect the necessary data to complete a comprehensive assessment of the actual and potential
health and environmental risks associated with the site.

• To obtain the information necessary to develop and evaluate remedial alternatives.

To accomplish the above objectives, the following tasks were performed as part of the RI/FS:

• A surface geophysics survey was performed to identify the major bedrock fracture zones in the
immediate vicinity and downgradient of the suspected disposal areas and to delineate the boundaries
and subsurface nature of the borrow pit area, the alleged drum disposal area, and the EPIC pit area.

• Soil gas screening was performed to investigate the known or alleged waste disposal areas as
sources of contamination and to quantify the nature of such contamination. The soil gas surveys
were conducted at the suspected disposal areas identified by the previous hydrogeologic
investigation (the quarry and the borrow pit), the review of project files (the trash dump and the
alleged drum disposal area), and the results of the surface geophysics survey (the EPIC pit area).
The specific objectives of the soil gas screening were as follows:

- To quantify the nature of contamination in each disposal area.

- To delineate the boundaries of each disposal area.

- To guide the location and nature of subsequent source identifications (test pits, soil borings,
and surface soil samples).

- To evaluate the potential contribution of each disposal area to the groundwater plume(s) and
to guide further groundwater investigation (monitoring well placement).
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• The hydrogeologic investigation was performed to delineate the full nature and extent of groundwater
contamination associated with the site. Tasks within this investigation included borehole drilling,
monitoring well installation and development, geophysical borehole logging, and water level
measurements. The objectives of the hydrogeologic investigation were as follows:

- To further characterize the vertical and horizontal nature and extent of both on-site and off-
site groundwater contamination associated with the site.

- To better define the local hydrogeologic regime, including the horizontal and vertical
components of groundwater flow and the degree of horizontal and vertical interconnection of
the water-bearing zones within the aquifer(s).

- To assess the relationship between the surface water and groundwater bodies with respect to
groundwater and contaminant discharge.

• Media sampling included surface soils, subsurface soils, surface water and sediment, groundwater
from residential w0lls and springs, and groundwater from monitoring wells. The objectives of the
sampling were as follows:

- To characterize the nature and extent of contamination both on site and in the surrounding
off-site areas.

- To assess the risks to human health and the environment.

• Site survey involved the surveying for horizontal location and vertical elevation of all previously
existing and newly installed monitoring wells, several reference locations at each of the five
suspected or potential source areas, three on-site springs, and four off-site surface water staff
gauges. Segments of the site property line boundary were also more accurately defined in order to
ensure proper monitoring well location placement.

• An ecological assessment was performed to provide a qualitative and quantitative appraisal of the
actual or potential effects of hazardous substances attributable to the site on plants and animals. The
ecological assessment consisted of three main components:

- A biological resources inventory was performed to provide baseline data on the distribution of
ecological receptors at the site.
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- A screening-level ecological risk assessment was performed to identify any site-specific
stressors that must be further addressed in order to evaluate potential risk to ecological
receptors.

- Food chain modeling was conducted to assess the potential risk to ecological receptors
feeding upon either environmental media (i.e., water or soil) or food sources (i.e., plants or
invertebrates) that have been affected by the chemical constituents at the site.

2.1 GEOPHYSICAL SURVEY

2.1.1 Bedrock Fracture Investigation

The bedrock fracture investigation was performed in two phases. The first phase used azimuthal
resistivity surveys (ARSs) to determine if preferred bedrock fracture orientations exist at the site and, if
present, to quantify these orientations. The second phase used very-low-frequency electromagnetic
(VLF) methods along a series of profile lines to locate the major fracture zones, if present. Data from the
ARSs were used to choose VLF profile line orientations and transmitter locations with the best chance of
detecting fractures along the preferred orientations.

2.1.1.1 Azimuthal Resistivity Survey

Electrical resistivity soundings were used to map the apparent resistivity variations versus depth at two
locations near the suspected source areas. Changes in subsurface overburden composition, lithology,
water saturation, and concentrations of dissolved solids all affect measured apparent resistivity values.
The orientation of apparent resistivity minimums is expected to be parallel to the strike of any existing,
saturated fractures or fracture zones.

The electrical resistivity method involves the introduction of a direct electrical current into the earth and
the measurement of electrical resistance between pairs of electrodes positioned in an array. Depth-
sounding data are collected as the electrode array is expanded about a common point. For ARS,
resistivity sounding data are collected at incremented angles relative to a common center point. The
purpose of ARS arrays is to determine the preferred orientation of bedrock fractures.

The two ARSs were performed by Berkshire Environmental Associates, Incorporated (BEA) personnel
under subcontract to TtNUS. The first survey (ARS1) was performed in the open field north of the borrow
pit, east of the alleged drum disposal area, and southwest of the EPIC pit area. The second survey

L/DOCUMENTS/RAC/RAC3/7525/14688/SEC2 21

AR300370



(ARS2) was located in the open field southeast of the borrow pit and north of the MW-1 monitoring well
cluster (Figure 2-1).

The ARSs were conducted using a STING R-1 resistivity meter and the square array geometry. The
angular orientation of ARSs was identical with a zero degree bearing on the ARSs equal to a north 15
degree west true bearing. A-spacings of 10, 14.1, 20, 28.3, 40, 56,6, and 80 feet were used to achieve
the desired exploration depth of up to approximately 100 feet (the depth of exploration is approximately
1.33 times the A-spacing for the square array). To complete each ARS, the square array was rotated and
data were acquired at six 15-degree intervals.

Both ARSs were conducted on November 13, 1996. The length, spacing, and orientation of the survey
points were determined using a compass and measuring tapes. The center of each ARS was measured
relative to staked reference points or permanent site features so they could be accurately located during
subsequent RI/FS activities. Five data points from each ARS were also surveyed using the global
positioning system to further document their locations. The digitally recorded ARS data underwent quality
control review in the field as they were recorded. Data reduction was performed at a later date, and the
results were plotted as a series of rose diagrams showing apparent resistivity versus compass bearing for
each individual A-spacing. The ARS data are presented and interpreted in Section 3.5.1 and illustrated in
Figures 3-8a and 3-8b.

2.1.1.2 Very-Low-Frequency Electromagnetic Survey

The VLF method utilizes a distant external plane wave source to map subsurface conductivity variations.
Buried conductive bodies, such as saturated fracture zones, distort the VLF signal as it propagates
through the earth. The best definition of saturated bedrock fractures is achieved when the VLF source is
in-line with the strike of the fracture and the survey line intersects the fracture at a nearly perpendicular
angle.

The survey area included the portion of the site containing the suspected disposal areas and extended
southward to Dairy Lane and Dale Road (Figure 2-1). The ARS investigations indicated that VLF lines
trending north-south and east-west would best match the known geologic information and meet the
transmitter and receiver requirements. BEA established six primary north-south survey lines (designated
A through F), three east-west lines (G through I), and subsequently two north-south in-fill lines (J and K).
All profile lines were established using a Brunton compass and measuring tape, with wooden stakes
installed on 200-foot intervals and pin flags installed at 20-foot intervals. The survey lines were cleared
and marked between November 19 and 26, 1996. The VLF survey lines and site features are shown on
Figure 2-1.
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Latitude and longitude data were obtained using Global Positioning System (GPS) methods along each
VLF survey line. Surveyed points included all wood-staked, 200-foot-interval measurement points; 100-
foot-interval measurement points in wooded areas; and intermediate hinge-points where profile lines were
angled to avoid obstructions. The GPS survey was performed using a fixed-base station antenna
receiver with fourth-order latitude and longitude coordinates and a second, "rover" receiver to collect the
survey point data. The surveying was performed with a Sokkia GIR1000 GPS instrument, Marine IV
antennae, and a Husky FS/2 hand-held data logger. All base station and rover data were downloaded to
a computer for post-processing with Sokkia GIR1000 software and were edited to maximize overall
survey accuracy. The average horizontal accuracy of the GPS survey was plus or minus 1.55 meters.

The VLF survey was conducted using an Iris T-VLF digital system that is capable of simultaneously
measuring two VLF frequencies. The transmitter location in Cutler, Maine, operating at a frequency of
24.0 kilohertz (kHz), was utilized as transmitter number 1 on all profile lines. The transmitter location in
Seattle, Washington, operating at a frequency of 24.8 kHz, was utilized as transmitter number 2 on all but
two profile lines. The transmitter location in Puerto Rico, operating at a frequency of 27.5 kHz, was
utilized as transmitter number 2 on two profile lines when the Seattle transmitter could not be received.

VLF data were collected and digitally recorded at 10-foot intervals along each survey line. VLF data
acquisition occurred on November 21 through November 27, 1996. Recorded data were downloaded to a
computer for processing, and plots of the tilt-angle, ellipticity, and Fraser derivative were reviewed for
data quality and possible bedrock fracture signatures. The VLF data and interpretations are presented in
Section 3.5.1 and illustrated in Figure 3-9.

2.1.2 Source Area Investigations

Surface geophysical surveys were conducted at three of the suspected source areas of the site, including
the borrow pit area, the alleged drum disposal area, and the EPIC pit area. These surveys were
performed to better characterize and delineate the potential areas of disposal and to screen for the
presence of buried metal objects such as steel drums. The surveys used frequency-domain
electromagnetic (EM) induction methods and were performed using a Geonics EM-31 terrain conductivity
meter.

The frequency-domain EM induction technique involves the generation of an alternating magnetic field
(the transmitted signal) that induces eddy currents to flow in conductive materials. These eddy currents
produce a secondary magnetic field that is sensed and measured at the surface (the received signal).
The phase change between the transmitted and received signals is proportional to the apparent
subsurface conductivity and is displayed in units of milliSiemens per meter (mS/m), the inverse of
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resistivity. These apparent ground conductivity data are referred to as quadrature phase data and are
sensitive to buried metal, changes in soil composition and moisture, and relative variations in overburden
thickness. The amplitude of the portion of the signal received that is in phase with the transmitted signal
is most sensitive to the presence of both ferrous and non-ferrous metal. These are referred to as in-
phase data and are unit less numbers displayed as parts per thousand (ppt).

Recorded data represent a composite value for all geo-electric layers within the investigated zone. The
depth of investigation is dependent on the spacing between the transmitter and receiver coils and their
orientation. All the source area investigations were performed using a Geonics EM-31 terrain conductivity
meter operated in the vertical dipole mode, resulting in an effective depth of investigation of
approximately 15 feet below the ground surface.

The quadrature and in-phase data are relative values, rather than absolute. Therefore, the surveys
utilized closely spaced measurement stations on established grid systems to aid in determining relative
conductivity differences throughout the target areas.

Functional tests and field calibration were performed on the EM-31 instruments according to the
manufacturer's instructions prior to data acquisition on each day that surveys were performed. Functional
tests included a battery test and zero adjustment, if necessary. Field calibration included a check of the
instrument phasing (and adjustment, if necessary) and a check of the instrument sensitivity. These tests
were performed at a background setting that was free of buried waste or other cultural sources of
interference, based on available information. The automatic data loggers used with the EM-31 s were
programmed, operated, and downloaded according to the manufacturer's instructions.

The EM-31 instruments were operated in the vertical dipole mode (normal, face-up orientation) and at a
height of approximately 1 meter above the ground surface (hip-level of the operator). At each survey
point, both the quadrature and in-phase measurements were recorded into the attached data logger by
pressing the EM-31 record button. Both measurements were also visually observed on the instrument
display gauge, using the most sensitive range setting possible for each set of values. During the survey,
all potential sources of interference, such as metal-bearing surface debris or objects, were noted, along
with their orientation and location with respect to the survey points. Any ground surface features that
might correspond with EM anomalies were also noted. Whenever possible, data acquisition was
extended at least three stations beyond any anomalous readings.

Ground conductivity data underwent a preliminary quality and content review in the field as they were
being acquired. All geophysical data were downloaded and reviewed during each day of data acquisition.
Electronic data files were created and saved, and the data were displayed both in a tabular numerical
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format and as contour maps of data from all profile lines. Site sketch maps showing the locations of all
profile lines, significant cultural features, and any evidence of soil disturbance or waste disposal were
drawn to scale.

2.1.2.1 Borrow Pit Area

TtNUS personnel performed tKe geophysical survey of the borrow pit area. The survey area grid was
established by laying out 16 straight, parallel profile lines ranging in length from 175 to 460 feet. The
profile lines were laid out parallel to the long axis of the borrow pit and were established at regular
intervals of 12.5 feet. The EM measurement stations along each profile line were established at regular
intervals of 5 feet, resulting in a rectilinear survey grid geometry of data points on a 5-foot by 12.5-foot
pattern throughout the survey area. The borrow pit EM survey grid and site features are shown in Figure
2-2.

The orientation and spacing of the survey profile lines were changed from those specified in the sampling
and analysis plan to facilitate data collection throughout areas of steep slopes and excavation scarps
associated with the borrow pit. The area! extent of the survey was the same, and there was a slight
increase in the density of the data points and survey resolution due to the orientation and spacing
changes.

The survey area profile lines were cleared, measured, and staked on October 9 through October 16,
1996. The length, spacing, and orientation of the profile lines were determined using a compass and
measuring tapes. Each profile line and station number was measured relative to staked reference points
so they could be accurately located during subsequent RI/FS activities. Data acquisition was performed
on October 14 and 17, 1996. The digitally recorded data were downloaded to a computer and underwent
quality control review at the TtNUS office each evening following acquisition. The borrow pit EM data are
presented and interpreted in Section 3.0 and illustrated in Figures 3-10 and 3-11.

2.1.2.2 Alleged Drum Disposal Area

BEA performed the geophysical survey of the alleged drum disposal area. The survey area grid was
established by laying out 16 straight, parallel profile lines ranging in length from 300 to 430 feet. These
profile lines were established at regular intervals of 20 feet, and EM measurement stations along each
profile line were established at regular intervals of 10 feet, resulting in a rectilinear survey grid geometry
of data points on a 10-foot by 20-foot pattern throughout the survey area. The alleged drum disposal
area EM survey grid and site features are shown in Figure 2-3.
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The project work plans for the alleged drum disposal area prescribed the recording of the EM data at one-
second time intervals as the operator walked along each profile line. The field decision to record data at
ten-foot distance intervals was made in order to screen a larger area with the same number of data points
while still meeting the survey objective of identifying any significant accumulations of buried drums.

The survey area profile lines were cleared, measured, and staked on November 11, 1996. The length,
spacing, and orientation of the profile lines were determined using a compass and measuring tapes.
Each profile line and station number was measured relative to staked reference points so they could be
accurately located during subsequent RI/FS activities. Data acquisition was also performed on November
11, 1996. The digitally recorded data were downloaded to an in-field computer and underwent quality
control review, including the generation of preliminary contour maps, immediately following data
acquisition. The alleged drum disposal area EM data are presented and interpreted in Section 3.5.1 and
illustrated in Figures 3-13 and 3-14.

2.1.2.3 EPIC Pit Area

BEA performed the geophysical survey of the EPIC pit area. The survey area grid was established by
laying out 14 straight, parallel profile lines ranging in length from 120 to 300 feet. These profile lines were
established at regular intervals of 20 feet, and EM measurement stations along each profile line were
established at regular intervals of 10 feet, resulting in a rectilinear survey grid geometry of data points on
a 10-foot by 20-foot pattern throughout the survey area. The EPIC Pit area EM survey grid and site
features are shown in Figure 2-4.

The project work plans did not address EM data acquisition in the EPIC pit area because its existence
was not known at that time. Since the geophysical survey objectives here were the same as for the
alleged drum disposal area, the same survey grid geometry was used.

The survey area profile lines were cleared, measured, and staked on November 12, 1996. The length,
spacing, and orientation of the profile lines were determined using a compass and measuring tapes.
Each profile line and station number was measured relative to staked reference points so they could be
accurately located during subsequent RI/FS activities. Data acquisition was performed on November 12,
1996. The digitally recorded data were downloaded to an in-field computer and underwent quality control
review, including the generation of preliminary contour maps, immediately following data acquisition. The
surveyed area was enlarged following the initial data review to ensure complete coverage of some EM
anomalies that were observed along the borders or edge of the original survey. The EPIC pit area EM
data are presented and interpreted in Section 3.0 and Figures 3-15 and 3-16.
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2.2 SOIL GAS SCREENING

TARGET Environmental Services, Incorporated (TARGET) performed the soil gas screening surveys
under subcontract to TtNUS. The soil gas sample grids were located, cleared of brush, marked with pin
flags or wooden stakes, and measured relative to surveyed reference points by TtNUS. Target obtained
and analyzed soil gas samples under the supervision of TtNUS personnel.

Soil gas screening surveys were performed at the five suspected source areas described below.

• Soil gas samples were collected at 36 locations on a 50-foot by 50-foot grid pattern in the borrow pit
area (Figure 2-5). No samples were collected at nine of the proposed sampling points through the
center of the survey area due to probe refusal on bedrock. The sample grid pattern was altered
slightly to conform to the tapered southern end of the survey area. Samples from this area are
identified with the prefix BP, followed by the survey grid east and north coordinates in feet.

• Soil gas samples were collected at six evenly distributed locations through the center of the alleged
drum disposal area (Figure 2-6). Due to the limited number of samples in this area, a regular grid
was not established. Each sample location was measured relative to staked, surveyed reference
points. Samples from this area are identified with the prefix AD, followed by the consecutive sample
numbers.

• Soil gas samples were collected at 25 locations on a 50-foot by 50-foot grid pattern in the EPIC pit
area (Figure 2-7). The distribution of sample locations was chosen to conform to an observed EM
geophysical anomaly. Samples from this area are identified with a the prefix PA, followed by the
survey grid east and north coordinates in feet.

• Soil gas samples were collected at 34 locations on a 50-foot by 50-foot grid pattern in the trash dump
area (Figure 2-8). One location was skipped due to the large amount of refuse present, one location
was moved slightly due to repeated probe refusal on construction debris, and three locations were
moved slightly to avoid large accumulations of refuse. Samples from this area are identified with the
prefix DU, followed by the survey grid east and north coordinates in feet.
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Soil gas samples were collected at 43 locations on two adjacent 50-foot by 50-foot grid patterns in the
quarry area (Figure 2-9). Due to the absence of soil (exposed rock) in the quarry area proper, these grids
were established immediately downhill from the talus slopes. The southern grid was designated as
quarry grid A and the northern grid as quarry grid B. Four additional soil gas samples were placed on a
lower road downhill and to the west of quarry grid A. Five of the proposed samples in quarry grid B were
not obtained due to probe refusal on rock. Samples from quarry grid A are identified with the prefix QA,
followed by the survey grid X and Y axis coordinates in feet. Samples from quarry grid B are identified
with the prefix QB, followed by the survey grid X and Y axis coordinates in feet. Samples from the lower
road west of quarry grid A are identified with the prefix LR, followed by the consecutive sample numbers.

TtNUS cleared the borrow pit, trash dump, and quarry area locations of dense brush in October and
November 1996. The survey grid points in the dump and quarry areas were measured and marked at the
same time. The survey grid points in the borrow pit, alleged drum disposal, and EPIC pit areas were
measured and marked on January 14 and 15, 1997. A minimum of four reference points from each
survey area were surveyed for horizontal location and vertical elevation upon completion of the soil gas
survey (see Section 2.5). TARGET collected all the soil gas samples on January 13 through 15, 1997
and analyzed all the samples on January 14 through 16, 1997.

To collect soil gas samples from most areas, a 1/2-inch hole was made to a depth of 2 to 4 feet using a
drive rod and manual slide hammer. The entire sampling system was purged with ambient air and a
stainless-steel probe was inserted to the full depth of the hole and sealed off from the atmosphere. In the
EPIC pit area only, a truck-mounted Geoprobe® was used to advance connected 3-foot sections of
narrow-diameter, threaded steel casing down to the sampling depth. Once at depth, the casing was
hydraulically raised several inches in order to release a disposable drive point and open the bottom of the
casing. A Teflon line with a hollow stainless-steel probe end was inserted into the casing to the bottom of
the hole and threaded through a plug that isolates the bottom-hole sampling chamber from the up-hole
annulus.

With both sampling methods, several samples of in-situ soil gas were withdrawn through the probe and
used to purge atmospheric air from the sampling system. A subsequent sample of soil gas was then
withdrawn through the probe and encapsulated in a pre-evacuated glass vial at two atmospheres (15
psig) of pressure. The self-sealing vial was detached from the sampling system, packaged, labeled, and
stored for laboratory analysis.

Prior to the collection of each sample, all sampling equipment, slide hammer rods, and probes were
decontaminated by washing with a solution of Liquinox and distilled water and rinsing thoroughly with
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distilled water. Internal surfaces were flushed dry using pre-purified nitrogen or filtered ambient air, and
external surfaces were wiped clean using paper towels or allowed to air dry.

Field control samples (blanks) were collected at the beginning of each day's field activities, after
approximately every 20 soil gas samples, and at the end of each day's field activities by drawing ambient
air through the sampling system and encapsulating the air as described above. Field duplicate samples
were obtained approximately every 20 soil gas samples by obtaining two consecutive samples from the
same location and the same probe. Duplicate analyses of soil gas samples (analyzing splits of the same
sample twice) and method blank analyses (laboratory blanks of nitrogen gas) were performed
approximately every 10 samples.

All soil gas samples were analyzed either in TARGET'S on-site mobile laboratory or in TARGET'S fixed-
base laboratory in Columbia, Maryland. Two analyses were performed on each sample within 24 hours
of sample acquisition. The first analysis was conducted according to EPA Method 8010 (modified) on a
gas chromatograph equipped with an electron capture detector (ECD), using direct injection. The specific
analytes standardized for this analysis were as follows:

• 1,1 -dichloroethene (1,1 -DCE)
• methylene chloride <CH2CI2)
• trans-1,2-dichloroeflhene (t1,2-DCE)
• 1,1-dichloroethane(1,1-DCA)
• cis-1,2-dichloroethane (c1,2-DCE)
• chloroform (CHCI3)
• 1,1,1-trichloroethane(1,1,1-TCA)
• carbon tetrachloride (CCI4)
• trichloroethene (TCE)
• 1,1,2-trichloroethane (1,1,2-TCA)
• tetrachloroethene (PCE)

The second analysis was conducted according to EPA Method 8020 (modified) on a gas chromatograph
equipped with a flame ionization detector (FID), and using direct injection. The analytes selected for
standardization in this analysis were as follows:

• vinyl chloride
• benzene
• toluene
• ethylbenzene
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• meta- and para-xylene
• ortho-xylene

A more detailed discussion of the soil gas survey procedures, analytical methods, and results are
included in the TARGET Soil Gas Data report for the Crossley Farm Site. A discussion and interpretation
of the soil gas survey results are included in Section 4.5 and Figures 4-21 through 4-27.

2.3 HYDROGEOLOGIC INVESTIGATION

2.3.1 Site Preparation and Restoration

Site preparation work was required at all monitoring well locations, at the site staging area, and at the
water treatment area in order to allow safe access to the work locations, to prevent soil erosion, to
prevent sedimentation in nearby surface water bodies, and to keep mud off the local roads. Site
preparation activities included, but were not limited to, the following activities:

• Installing a gravel-paved staging area to accommodate TtNUS, drilling subcontractor, and water
treatment subcontractor vehicles, supplies, and equipment.

• Installing a field office trailer and an electric line from Huffs Church Road to the trailer. (Telephone
lines were installed and left in place by a previous EPA contractor.)

• Installing a level, gravel-paved area to accommodate the on-site water treatment facility and water
tank trucks.

• Installing a loose gravel spray irrigation area for the infiltration of treated water.

• Installing silt fence and/or rock filters at all locations where drilling or soil disturbance activities would
occur.

• Obtaining temporary driveway permits and installing "tire-scrubber" rock construction entrances at all
off-site drilling locations.

• Clearing brush, rocks, and stumps and performing minor surface grading at several locations to allow
vehicular access.
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• Installing a culvert pipe at one drainage ditch crossing and adding temporary culvert reinforcement
plates at all culverts crossed by heavy equipment.

• Gravel paving existing farm roads, where necessary, to move heavy equipment to drilling locations.

Details regarding the design and installation of the erosion and sedimentation control measures are
included in the Draft Erosion and Sedimentation Control Plan for Monitoring Well Installation Activities
(B&RE, 1998).

Upon completion of the Rl field activities, most of the work areas were restored as closely as possible to
their original conditions. Restoration activities included the removal of rock construction entrances and
temporary stone paving, removal of culvert reinforcement plates, removal of rock filters and silt fence,
regrading of disturbed soils, and stabilization of disturbed soils by seeding and mulching. Restoration
also included the gravel paving of existing farm roads that were damaged by heavy equipment movement
at both on- and off-site locations. Surplus stone removed from the various locations was stockpiled on
site.

Stone paving from site preparation activities was left in place on existing farm roads, at the site staging
and water treatment areas, and at off-site well cluster HN-13, where the property owners allowed the
stone to remain on a farmer road right-of-way occasionally used by farm equipment. The stone was also
left in place at off-site well cluster HN-17, where the Pennsylvania Game Commission requested that it
remain as a parking area for the State Gamelands. The electric and telephone service and the field office
trailer remained on site after completion of the Rl field activities to support the RA water treatment system
installation and sampling activities.

2.3.2 Monitoring Well Drilling. Installation, and Development

A total of 41 monitoring wells were installed during the field investigation. The purpose of the wells is to
delineate the nature and extent of groundwater contamination associated with the site, to identify and
further delineate the source area(s), and to identify the preferred avenues of contaminant migration. To
achieve these objectives, the new monitoring wells were installed at on-site and off-site locations, either
as individual wells at new locations, as clusters of wells at new monitoring well cluster locations, or as
new wells to complement existing wells or well clusters. The locations of the new and existing monitoring
wells are shown in Figure 2-10.
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New and existing monitoring well clusters were generally designed to monitor three approximate depth
intervals. These clusters include a shallow well (less than 75 to 100 feet deep), an intermediate well
(approximately 100 to 150 feet deep), and a deep well (approximately 150 to 300 feet deep). Two wells
were installed to monitor the deeper interval from 300 to 500 feet.

Thirty-nine monitoring well boreholes were drilled during the field investigation. Depending on the
borehole conditions at each location, varying combinations of drilling techniques and installations of
permanent and temporary steel casings (including ODEX-type) were required. The drilling methods that
were ultimately employed included air rotary, air percussion, mud rotary, and hollow-stem auger drilling.
Permanent monitoring wells were installed in 36 of the completed boreholes. Two of the boreholes
remain unused because no significant water-bearing zones were encountered, and one of the boreholes
was abandoned due to improper grouting techniques. The drilling procedures are described in greater
detail in Section 2.3.1.1.

Thirty-three of the new wells were installed as two-, three- or four-well clusters; four of the new wells were
installed to complement existing wells or well clusters; and two of the new wells were installed as single
well locations. The actual number of wells at a given location varies from one to four and depends upon
the investigative scope of work for that area and the specific hydrogeologic conditions encountered during
drilling at each location. The number of wells and the depth zones monitored for each location, including
both the existing and new monitoring wells, are summarized in Table 2-1.

The actual well completion depths were determined by the depths that productive fractures or water-
bearing zones were encountered in the well bores. Most of the new monitoring wells are completed in
bedrock or weathered bedrock saprolite. Several of the shallow wells are completed in saturated
overburden deposits. Two wells are installed within a single borehole at three locations, and Westbay
multi-port monitoring system wells are installed in the boreholes at four locations. The monitoring well
installation and development procedures are described in greater detail in Section 2.3.2.2.

2.3.2.1 Drilling Procedures

Most of the boreholes were drilled using air rotary or air percussion drilling methods. Air rotary drilling
was used in the overburden deposits at several locations to drill shallow well boreholes or to drill pilot
holes for the installation of temporary 10-inch or 12-inch-diameter surface casings that were needed for
deeper boreholes. Air percussion methods were used for all bedrock drilling and to advance through the
overburden at several locations. Mud rotary drilling, drilling methods that allow casing advancement
during drilling (ODEX-type drilling) and hollow-stem auger drilling were used in the overburden at some
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locations where conventional air drilling was either unsuccessful or was determined not to be the
preferred drilling technique.

Very difficult drilling conditions were encountered at several locations due to the great depths to
competent bedrock and the varying composition and properties of the overlying materials. Thick, clayey
overburden and saprolite deposits (particularly at the HN-14 and HN-16 clusters) created unstable
boreholes prone to mud flows and hole collapse. Temporary casing installation was hampered by friction
with the sticky clay walls of the borehole, and borehole wash-outs occurred at the base of the temporary
casing each time water was encountered. Several successful and unsuccessful attempts were made to
drill the boreholes at these locations with air rotary methods before resorting to mud rotary drilling
techniques. Thick, clayey overburden and saprolite deposits also increased the amount of time, effort,
and temporary casing required to complete the boreholes at several other locations, especially HN-07
andHN-01.

The boreholes at HN-14S and HN-161 were ultimately advanced to total depth and the boreholes at HN-
14D and HN-16D were ultimately advanced to bedrock casing depths using mud rotary drilling methods.
Mud rotary drilling was used at these locations where overburden and deeply weathered saprolite
deposits were too thick and unstable to be drilled using air rotary or air percussion drilling methods with
temporary surface casing.

A shallow colluvial quartzite boulder and cobble layer overlying clayey saprolite and extensively
weathered, fractured rock created significant drilling problems at the HN-10 cluster. Collapse of the
boulders and cobbles in the shallow colluvium made temporary casing installation very difficult. Once
water-bearing zones were encountered, the saprolite and weathered rock began to wash-out, further
collapsing the borehole and requiring the installation of deeper temporary casing. Clayey saprolite,
overlying extensively weathered and fractured rock, created significant drilling problems at the HN-06
cluster as well. Attempts to drill with conventional air rotary drilling methods and temporary casing at this
location were also limited by repeated borehole wash-out and collapse.

The boreholes at HN-101 and HN-06D were advanced to competent bedrock using ODEX-type drilling
techniques, which utilize a specialized air percussion drill bit assembly that allows temporary casing to
advance immediately behind the bit during drilling. ODEX-type drilling methods were used at locations
where caving formation materials were either too thick or too hard to be drilled using a combination of air
rotary or air percussion drilling methods with temporary surface casing or too permeable and too hard to
be advanced using mud rotary drilling methods.
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The shallow borehole at HN-16S was advanced to total depth using hollow-stem auger drilling methods.
This was the most efficient drilling technique to install a shallow well through the shallow, caving alluvial
or colluvial deposits at this location.

A variety of different borehole sizes were drilled, ranging in diameter from 4 to 12 inches. The borehole
diameters were determined by the final well construction requirements and by the lithologic conditions,
casing lengths, and casing diameters needed to complete the borehole to total depth. Six-inch-diameter
boreholes were drilled to accommodate 2-inch-diameter monitoring wells, and 4-inch- or 6-inch-diameter
boreholes were drilled to accommodate the Westbay® wells. Eight-inch-diameter boreholes were drilled
to accommodate 4-inch-diameter permanent steel casing and 10-inch-diameter boreholes were drilled to
accommodate 6-inch-diameter permanent steel casing. Six-, 8- and 10-inch diameter temporary casings
were installed in a variety of borehole sizes greater than or equal to the casing diameter.

Each borehole was drilled to the target depth for the proposed well location. The target depth for shallow
wells was the first water-bearing zone encountered at each location. The target depths for intermediate,
deep, and very deep (Westbay) wells were 150, 300, and 500 feet, respectively.

The deep boreholes at HN-13D and HN-09D were drilled to depths greater than originally scoped due to
the lack of water-bearing zones in the target interval. HN-13D ultimately encountered water at 360 feet,
and HN-09D was completed as a dry hole at 361.5 feet. The deep borehole at HN-14D was drilled to a
greater depth so the well could be completed in the competent bedrock below the very thick overburden
and saprolite deposits at that location. HN-14D was cased to 284 feet and drilled to 376.5 feet. The deep
borehole at HN-16D was completed before reaching the target depth because of borehole caving and
because the borehole water yield exceeded the compressed air capacity needed to continue drilling and
exceeded the driller's ability to effectively manage the amount of water being produced. HN-16D was
drilled to 250 feet and caved to 206 feet and had an estimated yield in excess of 150 gallons per minute.

The very deep borehole at HN-06D was completed before reaching the target depth interval of 300 to 500
feet because of repeated borehole caving. HN-06D caved in to 189 feet following each attempt to drill
deeper. This borehole, which was initially proposed for a Westbay well installation, was converted to a
deep conventional well instead. The very deep borehole at HN-17D was completed 14 feet short of the
target depth due to excessive bit wear. HN-17D reached a total depth of 486 feet.

During the drilling of each monitoring well borehole, cuttings were sampled and logged by a TtNUS
geologist to characterize the lithology. Other pertinent observations such as rate of penetration, water
yields, and PID readings were noted as appropriate to characterize the subsurface conditions
encountered. Boring logs for each of the Rl boreholes are included in Appendix A.
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2.3.2.2 Monitoring Well Installation and Development

Conventional Monitoring Wells

All monitoring wells were constructed of 2-inch-diameter PVC well casing and screen. The well screens
have a slot size of 0.020 inch and the surrounding filter packs are composed of No. 2 quartz sand. With
few exceptions, all the wells were installed in 6-inch-diameter boreholes. HN-13S was installed in a 10-
inch-diameter borehole that was over-reamed to the larger diameter due to problems with borehole
collapse. HN-141 was installed in a 10-inch-diameter borehole that was originally intended for 6-inch steel
casing installation. HN-06D was installed in a 4-inch-diameter borehole after it was determined that this
borehole (originally planned for a Westbay well) could not be drilled to its required depth. A summary of
the Rl monitoring well construction details is included in Table 2-1. Monitoring well construction sheets
for each of the Rl wells are included in Appendix B.

Open borehole intervals that were greater than approximately 25 feet below the monitoring well
completion zones were backfilled with bentonite-cement grout. Open borehole intervals above the grout
backfill or less than approximately 25 feet below the monitoring well completion zones were backfilled
with bentonite pellets.

The typical length of the well screen in the Rl monitoring wells is 10 feet, but the length of the well screen
varies from 5 to 30 feet, depending on the length of the interval to be monitored. The sand pack extends
an average of 6 feet above the screen and 4.5 feet below the screen. The length of the filter pack was
extended or reduced in several wells, depending either on the vertical sequence to be monitored or
excluded from any well, and ranges from 1.5 to 22 feet above the top of the screen to zero (where the
well was installed directly in the bottom of the borehole) to 14 feet below the bottom of the screen.

An annular seal composed of pure bentonite was emplaced above each sand-packed well screen. The
bentonite was emplaced as pellets via free-fall or as a slurry via tremie pipe, depending on the well depth
and borehole conditions. The bentonite seal thickness in the Rl wells has a median value of about 10
feet and ranges from 1.5 to 86 feet. The thinner bentonite seals are usually emplaced in shallow wells
where less room is available for borehole backfill materials, between the top of the screen and the ground
surface. Thicker bentonite seals were emplaced at some locations in order to prevent the grout invasion
of fractured zones, which potentially could have impacted the adjacent wells.

The remainder of the annular space in the Rl wells was sealed with bentonite-cement grout to a height of
approximately 2 feet below the ground surface. The cement-bentonite grout was a 20:1 mixture, with a
maximum water-to-cement ratio of 6:1. The grout was mixed as a pumpable slurry and was emplaced via
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tremie pipe from the bottom of the annulus. A concrete collar was installed from the top of the grout to
the ground surface and around either the permanent 6-inch-diameter steel casing, a 5.75-inch-diameter
protective steel standpipe, or a manhole cover, depending on the type of surface completion required for
each location.

All Rl monitoring wells were developed with a submersible pump. A surge block was also used to help
remove the finer-grained sediments and to improve the permeability of the filter pack in several low-yield
wells, particularly tho$e installed using mud rotary drilling. Turbidity, pH, conductivity, temperature,
salinity, and dissolved oxygen were monitored during development. Well development continued until a
turbidity of 10 NTU Or less was achieved or until the field geologist determined that further well
development was not necessary.

Westbav Multi-Level fyfonitorinq Wells

The Westbay multi-level monitoring wells were installed by Westbay personnel, with oversight by a TtNUS
geologist. The Westbay wells (HN-01D, -11D, -17D, and -18D) were installed in 4-inch- or 6-inch-
diameter open boreholes at varying depths that were determined by the zones to be monitored in each
well. Each Westbay well consists of a single 1.5-inch-diameter, multi-port (MP) casing that includes a
series of inflatable packers, measurement ports, pumping ports, magnetic locator collars, and a bottom
cap.

The wells are designed such that each zone to be sampled or monitored is isolated from the rest of the
borehole by inflatable packers that are located immediately above and below the zone of interest. The
multi-port casing between the packers includes a magnetic locator collar, a measurement port, and a
pumping port. Hydraulic pressure measurements and water samples can be obtained from the
measurement port using a Westbay sampling tool. The monitored zone can be accessed for either
purging or other aquifer testing by opening and closing the pumping port using a Westbay open-close
tool. The magnetic locator collar is used to help land the Westbay tools at the desired measurement or
pumping port.

The Westbay wells are constructed using a bottom cap, 1-, 2-, 5- and 10-foot sections of multi-port
casing, measurement port sections, pumping port sections, and packer sections. The packers and
magnetic collars fit around the outside of the multi-port casing. The wells are lowered into the borehole
as they are assembled, using potable water for ballast as necessary. Each connection is individually
pressure tested for leaks, and adjusted if necessary, before installation into the borehole.
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The Westbay well packers, once inflated, form a permanent seal between the borehole wall and the
outside of the multi-port casing. The packers were designed for use in either 4-inch boreholes (HN-17D
and HN-18D) or 6-inch boreholes (HN-01D and HN-11D). The packers are inflated with potable water
and are pressure tested and leak tested during installation. Once inflated, they cannot be deflated and
therefore form a permanent installation. The packers are the only thing needed to hold the Westbay wells
in place within the boreholes, and no backfill materials are used.

The actual design of the Westbay wells was determined by the depth, size, and relative proximity of the
various zones to be monitored. Three of the Westbay wells are designed to monitor three water-bearing
zones (HN-01D, -E, and -F; HN-17D, -E and -F; and HN-18D, -E and -F), and the fourth well is designed
to monitor six zones (HN-11D, -E, -F, -G, -H, and -J), with the various letters designating different
sampling ports or depths within the single borehole and well. Diagrams illustrating the Westbay well
constructions are included in Appendix B.

The spacing distance between packers for the monitored zones ranges from 10 to 31 feet and averages
about 15 feet. The actual open borehole interval extends about 1 foot farther in each direction because
the packers do not reach full inflation for approximately 1 foot at each end. All monitored zones are
isolated by packers above and below the zone, except for HN-01F, which occurs near the bottom of the
borehole and does not have a packer at the bottom of the zone.

Most of the Westbay sample zones are isolated within the borehole by an unused (unsampled) interval
that is located between the top packer of a lower sample zone and the bottom packer of the overlying
sample zone. Thus, most sampling ports are separated by two packers. However, sample zones HN-
11G and HN-11H and zones HN-11H and HN-11J are not separated by an unused borehole interval
since they are in close proximity to one another. In this case, the top packer of the lower zone and the
bottom packer of the overlying zone are the same packer, so these sampling zones are separated by one
packer. An unused borehole zone is located between the bottom of the permanent steel casing and the
top packer of the uppermost sample zone in three of the wells (the top packer in HN-11D is inflated just
inside the bottom of the 6-inch steel casing). An unused borehole zone is located between the bottom of
the borehole and the bottom packer of the lowermost sample zone in three of the wells (the lowermost
sample zone HN-01F extends to the borehole total depth).

Each of the unused borehole zones contains a measurement port for quality assurance purposes.
Pressure profiles can be measured and recorded using all unused borehole zones and sample zones in a
Westbay well, and the pressure differences can be used to confirm packer integrity and isolation between
the various zones. Pumping ports were not included in the unused borehole zones because they are not
intended for any sampling or aquifer testing.

L/DOCUMENTS/RAC/RAC3/7525/14688/SEC2 48

AR300397



Each Westbay well sample zone was developed or purged after installation. For the lower yielding zones,
(less than approximately 0.5 gallon per minute), a minimum of 1.0 to 1.5 sample zone borehole volumes
was removed. For the higher yielding zones, a minimum of 2.0 to 3.0 sample zone borehole volumes was
removed. Development of the lower yielding zones was accomplished by evacuating water from the multi-
port casing to a known depth, opening the pumping port of the sample zone, and allowing water to flow from
the zone into the multi-port casing over a period of several hours. This procedure was repeated until the
minimum development volume was removed. Development of the higher yielding zones was accomplished
by continuously pumping from the multi-port casing, with the pumping port of the sample zone open, until
the minimum development volume was removed.

Water from the multi-port casing was pumped and removed with a Waterra pump and PE tubing equipped
with a foot valve. Turbidity, pH, conductivity, temperature, and dissolved oxygen were monitored during
pumping of the higher-yielding Westbay well zones.

2.3.3 Geophysical porehole Logging

A geophysical borehol* logging program was conducted for each bedrock borehole by the United States
Geologic Survey (USOS) under an interagency agreement with EPA. The primary purpose of this
program was to identify the major water-bearing zone(s) in each borehole, to select which interval(s)
would ultimately be monitored, and to ensure that the monitoring wells were constructed properly for
obtaining representative groundwater samples from the selected intervals. The information obtained by
the geophysical logging program was used in conjunction with the observations noted by the field
geologist during borehole drilling. The following summary describes the geophysical logging tools used
by the USGS and the rationale for their use.

Natural Gamma Log

The natural gamma logging instrument records the amount of natural gamma radiation emitted by the
geologic formation. This log was used during the site investigation as an aid to locating probable fracture
zones. Calcareous and quartzose rocks and sediments typically have low natural gamma activity. Fine-
grained sediments such as clays typically have high natural gamma activity because they tend to
concentrate radioactive elements through the processes of ion exchange and adsorption. Therefore, a
clay-filled fracture in an otherwise dominantly calcareous or quartzose matrix should be identifiable by an
elevated measurement or "spike" in the natural gamma log. If the fracture is closed due to secondary
mineralization, the natural gamma log may not identify it because the common fracture-filling minerals,
such as quartz or calcite, will not have a significantly different natural gamma activity than the surrounding
rock matrix.
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Borehole Caliper Log

The borehole caliper log measures the diameter of the borehole. This log is useful in locating fractures
because the borehole tends to enlarge or "wash out" through fractured intervals due to the relative
weakness of the fractured rock as compared to the unfractured rock.

Single-Point Resistance Log

The single-point resistance log measures the resistance of the formation(s) lying between a downhole
electrode and a surface electrode. A primary use of resistance logs is the identification of fractures or
washout zones in resistive rocks.

Fluid Temperature and Fluid Conductivity Logs

These logs, usually run together, yield a vertical profile of the fluid temperature and conductivity within the
borehole. These logs are often useful in determining water entry or exit zones within the borehole
because such a zone may cause a marked deflection in the vertical trend.

Thermal Pulse Log

The thermal pulse log measures the rate, direction, and (indirectly) quantity of fluid flow within the
borehole through the tracking of a heated slug of water by temperature sensors.

Borehole Television Camera

A borehole television camera was run in most of the boreholes to allow visual observation of the borehole
conditions. Fractures were examined for general width, orientation, and openness as an aid in their
evaluation as potential zones to be screened. In addition, a qualitative visual assessment of water clarity
with depth often allows for preliminary identification of zones of groundwater flow versus "dead" zones of
little or no groundwater flow. Lithologic contacts and the strike and dip of sedimentary bedding were also
observed in some boreholes. All television surveys were recorded on VCR-compatible tape cassettes.

The existing monitoring wells were logged in April and May 1997 prior to the Rl borehole drilling and well
installation program. Boreholes drilled during the Rl were generally logged within 1 to 3 weeks of the
completion of their drilling during the period from November 1998 through April 1999. The specific
geophysical logs run in each borehole, and displays and interpretations of the results are included in the
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USGS Phase I and Phase II reports for Evaluation of Geophysical Logs for Crossley Farms Superfund
Site contained in Appendix C.

2.3.4 Water-Level Measurements

Two comprehensive rounds of water-level measurements were obtained during the Rl. The groundwater
elevation data are used to infer groundwater flow directions and discharge points and to identify any
variations in flow direction or discharge that may occur throughout the study area over time.

The first round of water-level measurements was obtained on September 5, 1996 and included 21
existing monitoring well locations and four staff gauge locations on the West Branch Perkiomen Creek.
The second round of water-level measurements was obtained on July 1, 1999 and included 21 previously
existing monitoring well locations, 37 newly installed conventional monitoring wells, 15 sample zones in
four newly installed Westbay monitoring wells, and four staff gauge locations on the West Branch
Perkiomen Creek.

Water-level measurements in conventional monitoring wells and at staff gauge locations were obtained
using electronic water-level indicators accurate to the nearest 0.01 foot. Water-level values from the
Westbay well sample zones were determined using differential head calculations between the pressure
measured within the sample zone port and the pressure and water-level measured within the multi-port
casing of the well. Pressure data were obtained from pressure transducer readings measured using the
Westbay sampling tool. As an additional quality control measure, pressure data were measured and
water levels were also calculated for the zones below, between, and above the Westbay well sample
zones.

All water-level measurements were collected a minimum of 12 to 24 hours after any significant
precipitation events in order to negate the effects of short-term fluctuations in hydraulic head. All
measurements were obtained within an 8-hour period of consistent weather conditions to minimize the
effects of atmospheric precipitation on groundwater levels.

Groundwater elevation data calculated from the water-level measurements in 1999 are tabulated in Table
3-1 in Section 3.0. These data are discussed in Section 3.0, and were used to construct the
accompanying water elevation contour maps.
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2.4 MEDIA SAMPLING

Media sampling performed during the Rl were designed to characterize the nature and extent of
contamination in the on- and off-site areas of Crossley Farm. The media sampled, the number of
samples obtained, and the analyses performed are outlined in the following subsections. In general, the
sampling program for the Rl included the following:

• Surface and subsurface soil sampling from the borrow pit area to investigate the allegation that drums
of solvent were once disposed there and to evaluate the extent of soil contamination resulting from
improper disposal practices.

• Subsurface soil sampling from the EPIC pit area for use as confirmation samples (during the EPA
removal action of the buried drums) to assure that the contaminated subsurface soil had been
sufficiently excavated.

• Surface and subsurface soil sampling from the trash dump area to evaluate the potential extent of soil
contamination resulting from improper disposal practices.

• Surface soil sampling from the quarry area to evaluate the potential extent of soil contamination
resulting from improper disposal practices.

• Surface water and sediment sampling at 14 locations along the West Branch Perkiomen Creek and
various unnamed tributaries and at eight spring or pond locations on or surrounding the site. Surface
water and sediment sampling was performed to characterize any contaminant migration to these
surface water bodies from on-site sources, soils, and/or groundwater and to evaluate risks to human
or environmental receptors exposed to the surface waters and sediments.

• Groundwater sampling of 19 existing wells and 50 sample zones within 41 new monitoring wells to
determine the nature and vertical and horizontal extent of groundwater contamination.

• Groundwater sampling of approximately 103 local residential wells and/or springs to determine the
horizontal and vertical (if known) extent of groundwater contamination and to assess any risks to
human health from exposure to the water.
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2.4.1 Surface Soils

Surface soils were sampled at 10 sample locations between December 15, 1999 and December 22,
1999. Surface soil samples were obtained from four soil boring locations located adjacent to the borrow
pit area, from two locations adjacent to the quarry area, and from four background soil boring locations
throughout the site. The surface soil sample locations are shown in Figure 2-11. The rationale and
strategy for surface soil sampling are included in the soil sampling addendum to the Sampling and
Analysis Plan (TtNUS, December 1998).

Surface soil samples were obtained from soil borings located along both the eastern and western margins
of the borrow pit because there is insufficient soil to sample within the actual pit, which has been
excavated to bedrock. Surface soil samples in the quarry area were taken both downslope (north) of the
quarry and talus pile (within the soil gas sampling grid) and upslope (south) of the quarry, near the
topographically highest point at the crest of Blackhead Hill. Field observations and the results of previous
investigations revealed that the soil cover is extremely thin in the quarry area and that there is an
insufficient soil cover to sample within the actual quarry or talus slope areas.

Projected background surface soil samples were obtained from four locations (SB-01, SB-02, SB-03, and
SB-04). These locations were chosen because they are not near any suspected disposal activities and
because they account for the natural variability in soil chemistry due to differing bedrock lithology since
they represent soils developed above each of the underlying parent bedrock units. Soil borings SB-01
(located near the background well cluster HN-9), SB-02 (located near the intersection of the eastern farm
road and Huffs Church Road), and SB-03 (located in the corn field just off the access road southeast of
the EPIC pit and northeast of the borrow pit) were drilled in soils overlying the gneiss. Soil boring SB-04
(located near monitoring well cluster HN-15 in the field in the southeastern corner of the site) was drilled
in soils overlying the quartzite.

Upon receipt of the validated analytical data from the soil sampling program, it became apparent that the
delineation of background or ambient conditions would be difficult (especially for inorganics), since all of
the samples were collected on the farm, although not necessarily near any of the known or suspected
disposal areas. Therefore, the decision was made to obtain additional analytical data from off-site soils.
Two sampling locations were chosen from two nearby (but off site) agricultural properties (Figure 2-12),
and two samples were obtained from each of two shallow borings (one from each location) that were dug
with a hand auger.
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On-site surface soil samples were obtained with a 3-inch-diameter by 24-inch-long split-spoon sampler
driven from a depth of 0 to 2 feet at each of the borrow pit and background soil boring locations. All
samples were field screened with a PID upon opening the spoon. Samples were obtained from the split
spoons using decontaminated stainless-steel sample trowels. Samples were obtained from the quarry
area between depths of 0 to 2 feet using decontaminated stainless-steel hand augers and sample
trowels.

Surface soil samples underwent laboratory analysis for the following parameters:

• Target Compound List (TCL) volatile organics
• TCL semivolatile organics (on-site samples only)
• TCL PCBs and pesticides (on-site samples only)
• Target Analyte List (TAL) metals and cyanide

One selected on-site surface soil sample (from a background location) underwent laboratory analysis for
the following parameters:

• Synthetic Precipitation Leaching Procedure (SPLP) volatile organics
• SPLP semivolatile organics
• SPLP metals and cyanide

One selected surface soil sample (from the borrow pit) underwent laboratory analysis for the following
parameters:

• Total organic carbon (TOC)
• Cation exchange capacity (CEC)
• Grain size analysis
• Moisture content

The analytical results from the surface soil samples are presented and discussed in Section 4.0.

2.4.2 Subsurface Soils

Subsurface soils were sampled and analyzed during two separate rounds to evaluate the nature and
extent of soil contamination at known or suspected disposal areas on site. During the first round,
subsurface soil samples were obtained from 23 locations distributed throughout the floor and side walls of
the drum removal excavation in the EPIC pit area of the site. The purpose of these samples was to
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confirm that the extent of contaminated soil within the vadose zone at this location had been removed.
During the second round, subsurface soil samples were obtained from 10 locations throughout the borrow
pit area, the trash dump area, and at several background locations. These locations are illustrated in
Figure 2-11. The purpose of these samples was to determine the natural soil chemistry of the on-site
subsurface soils and to determine if the subsurface soils in the vicinity of the disposal areas had been
impacted by hazardous wastes.

2.4.2.1 Round 1 Subsurface Soil Sampling

The first subsurface soil sampling round took place on September 9, 1998 and included 23 sample
locations at the drum excavation (EPIC) pit. These confirmation samples were used to assure that the
contaminated subsurface soil within the drum pit had been sufficiently excavated. The samples were
subjected to full Quality Analysis/Quality Control (QA/QC) and data validation requirements, as outlined
and discussed in the Rl work plan and Sampling and Analysis Plan (SAP). The field sampling techniques
and analytical plan for these samples will be discussed in detail in a subsequent report on this soil
excavation work, to be issued in the near future.

2.4.2.2 Round 2 Subsurface Soil Sampling

The second round of sampling occurred between December 15, 1999 and December 22, 1999 and
included 10 sample locations. Subsurface soil samples were obtained from two test pits located in the
trash dump area, four soil borings surrounding the borrow pit area, and four background locations
throughout the site. The subsurface soil sample locations are shown in Figure 2-11. The rationale and
strategy for subsurface soil sampling are included in the soil sampling addendum to the SAP (TtNUS,
December 1998).

Reconnaissance of the dump area by TtNUS personnel indicated that it consists primarily of tree stumps
and household trash that was deposited directly on the ground surface without prior excavation.
Therefore, two test pits were excavated to a depth below the refuse/soil interface at centrally located
points within the dump. Subsurface soil samples were obtained from soil borings drilled along both the
eastern and western sides of the borrow pit since there is insufficient soil to sample within the actual pit,
which has been excavated to bedrock.

Projected background subsurface soil samples were obtained from four locations (SB-01, SB-02, SB-03,
and SB-04). These locations were chosen because they are not near any suspected disposal activities
and because they account for the natural variability in soil chemistry due to differing bedrock lithology
since they represent soils developed above each of the underlying parent bedrock units. Soil borings SB-
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01 (located near the background well cluster HN-9), SB-02 (located near the intersection of the eastern
farm road and Huffs Church Road), and SB-03 (drilled in the corn field just off the access road southeast
of the EPIC pit and northeast of the borrow pit) were drilled in soils overlying the gneiss. Soil boring SB-
04 (located near monitoring well cluster HN-15 in the field in the southeastern corner of the site) was
drilled in soils overlying the quartzite.

The soil samples were obtained with a 3-inch-diameter by 24-inch-long split-spoon sampler. The
maximum depth of the borings was 14 feet, although refusal was encountered in many borings before this
depth. Since the soils were submitted for full-scan TCL analytical procedures, it was not be possible to
obtain sufficient material for all samples from one spoon. Therefore, two spoons were used for each
sample, and the depth of the inorganic analyses alternated with that of the depth of the organic analyses.
The following sampling depth profile was used whenever possible:

Sampling Depth Analyses
2-4 feet metals/cyanide; PCBs/pesticides
4-6 feet VOAs, SVOAs
6-8 feet metals/cyanide; PCBs/pesticides
8-10 feet VOAs, SVOAs
10-12 feet metals/cyanide; PCBs/pesticides
12-14 feet VOAs, SVOAs

All samples were field screened with a PID upon opening the spoon. Samples were obtained from the
split spoons using decontaminated stainless-steel sample trowels. If elevated PID readings were noted
upon opening the inorganic analysis spoon, then the sampling order was reversed and that interval was
analyzed for VOAs and SVOAs. This only occurred at one of the sample locations in SB-08. Subsurface
soil samples were not collected to the maximum depth of 14 feet in three of the soil borings due to split-
spoon refusal and very poor sample volume recovery. Subsurface soil samples were skipped or obtained
at different depths in two of the soil borings due to the limited sample volume recovery that resulted from
very rocky conditions. Sample depths and analyses are included on the boring logs in Appendix D.

The test pits were excavated to a length of 4 to 5 feet and to depths of approximately 4 to 5 feet (about 2
feet below the refuse/soil interface). At each pit, soil samples -were collected at the bottom of the pit and
at each of the two excavation side walls. Samples were obtained from the backhoe bucket using
decontaminated stainless-steel sample trowels or were obtained from the excavation floor or side walls
using a decontaminated stainless-steel hand auger.
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All subsurface soil samples from the second round of sampling underwent laboratory analysis for the
following parameters:

• TCL volatile organics
• TCL semivolatile organics
• TCL PCBs and pesticides
• TAL metals and cyanide

Three selected subsurface soil samples from the second round of sampling (one from a background
location and two from the trash dump Area) underwent laboratory analysis for the following parameters:

• SPLP volatile organics
• SPLP semivolatile organics
• SPLP metals and cyanide

Three selected subsurface soil samples from the second round of sampling (one from the borrow pit and
two from the trash dump area) underwent laboratory analysis for the following parameters:

• TOC
• CEC
• Grain size analysis
• Moisture content

The analytical results from the subsurface soil samples are presented and discussed in Section 4.0.

2.4.3 Surface Water and Sediment

Streams, springs, and ponds in the area were sampled during three separate rounds to investigate the
discharge of local groundwater to surface water and to evaluate the significance of this route as a
contaminant migration pathway. Surface water and sediment samples were obtained from 14 stream
locations, seven springs, and one pond located within the Crossley Farm study area. The surface water
and sediment sample locations area shown in Figure 2-13. A brief description of each sample location is
included in Table 2-2. All the sample locations are within the drainage basin of the West Branch
Perkiomen Creek.

The first round of surface water and sediment sampling occurred between August 26 and September 4,
1996 and included 12 sample locations. The second round of sampling took place between April 2 and
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TABLE 2-2
SURFACE WATER AND SEDIMENT SAMPLING PROGRAM

CROSSLEY FARM SITE

Location

01

02

03
04
05

06

07
08
09

10

11
12
13

14

15
16

17

18

19

20

21

22

Round 1
TCL/TAL

SW/SD

SW/SD

SW/SD
SW/SD
SW/SD

SW/SD

SW/SD
SW/SD
SW/SD

SW/SD

SW/SD
SW/SD

Eng

SW/SD

SD

SD
SW/SD
SD

SW/SD

SD
SW/SD
SW/SD

SW/SD

SD
SW/SD

Round 2
TCL/TAL

SW/SD

SW/SD

SW/SD

SW/SD

SW/SD

SW/SD

SW/SD
SW/SD

SW/SD

SW/SD

SW/SD

SW/SD

Eng

SW/SD

SD

SD

SW/SD
SD
SD

SW/SD

SD
SD

SW/SD

SD

SW/SD

SD

Rd. 3
TCL7
TAL

SW

SW

Rd. 4
TCL
VGA

SW

Location
Description

Perkiomen Creek, immediately
upgradient from Huffs Church Rd
Unnamed tributary to Perkiomen;
east of Dale Rd
Perkiomen Creek
Perkiomen Creek
Perkiomen Creek, immediately
downgradient from Airport Rd
Unnamed tributary to Perkiomen;
on State Game Land
Unnamed tributary to Perkiomen
Springhouse along Dale Rd
Perkiomen Creek, immediately
upgradient from Dale Rd
Spring at base of slope along
Perkiomen Creek
Spring on western slope of farm
Spring within old iron ore pit
Spring flowing from PVC pipe in
woods SE of borrow pit
Spring in rocky wooded area, SE
of borrow pit "Pines Spring"
Spring near rock wall S of farm
Perkiomen Creek near pipeline
right-of-way
Perkiomen Creek, east of
Forgedale Road
Perkiomen Creek; appx. 1,500 ft
upgradient from Huffs Church Rd
Perkiomen Creek; just upstream
from unnamed tributary
"Bass Pond" in woods in SE
portion of farm
Unnamed tributary to Perkiomen
Ck, downgradient from Loc. 1 1
Unnamed tributary to Perkiomen
Ck, downgradient from Loc. 1 1

Specific sampling parameters are discussed in text in Section 2.4.3.

SW = Surface Water Sample
SD = Sediment Sample
TCL/TAL = Full scan TCL/TAL analyses (VOAs, SVOAs, PCBs/Pesticides, Inorganics)
Eng = Various Engineering parameters (see text)
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April 10, 1997 and also included 12 sample locations. Four of the locations were sampled during both
rounds of sampling and the remaining 16 locations were sampled during only one round of sampling (see
Table 2-2). The third round of sampling (surface water only) occurred on May 11, 1999. For this round,
two additional off-site surface water samples were obtained from a tributary to the West Branch
Perkiomen Creek, downstream from the tributary's emanation point at a highly contaminated on-site
spring. The fourth round of sampling (surface water only) occurred in June 2000 when the spring at
sampling location SW-11 was resampled to evaluate the effect of the drum excavation and soil removal.

Surface water samples were collected by filling the sample containers directly from the water source
whenever possible. Shallow water depths at some of the spring sample locations required that the larger
sample containers be filled using a decontaminated stainless-steel beaker. Sediment samples were
obtained using decontaminated stainless-steel sample trowels.

All surface water and sediment samples from the first three rounds of sampling underwent laboratory
analysis for the following parameters:

• TCL volatile organics
• TCL semivolatile organics
• TCL PCBs and pesticides
• TAL metals and cyanide

The surface water sample obtained at SW-11 during the fourth round of sampling was analyzed for TCL
volatile organics, only.

All sediment samples from each round of sampling underwent laboratory analysis for the following
parameters:

• TOC
• Grain size
• Moisture content
• Percent solids

A selected group of six surface water samples from each of the first two rounds of sampling underwent
laboratory analysis for the following parameters:

• Total dissolved solids (TDS)
• Total suspended solids (TSS)
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• Alkalinity
• Hardness
• Biological oxygen demand (BOD)
• Chemical oxygen demand (COD)
• Color

All surface water samples from each round of sampling underwent field analysis for the following
parameters:

• Temperature
• pH
• Conductivity
• Oxidation/reduction potential
• Dissolved Oxygen

The analytical results from the surface water and sediment samples are presented and discussed in
Section 4.0.

2.4.4 Residential Well and Soring Groundwater

Prior to sampling, TtNUS performed well inventories for a large study area surrounding the site using
available township lists and directories, county Board of Assessments maps and databases,
questionnaires for individual residences, and personal or telephone interviews with residence owners or
occupants. A well inventory database was compiled that included the following information:

• The name, address, home telephone number, and work telephone number of the owner and/or
occupant.

• A description of all groundwater sources, either wells or springs, on the property.

• All present uses or planned future uses of the water from each groundwater source.

• The types of water treatment used on each water source.

• The location of water sample outlets relative to water treatment systems.
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• Any other significant features, conditions, or problems related to the groundwater or groundwater
sources.

• The owner's permission (or denial of permission) for TtNUS and EPA to obtain groundwater samples
for laboratory analysis.

• Other information or circumstances pertinent to scheduling of residential well sampling.

A total of 146 different groundwater sources (not all potable) were identified within the study area during
the RI/FS inventory. A similar inventory was performed at a later date during the RD to characterize
portions of the study area added at EPA's direction. The RD inventory identified an additional 24
groundwater sources, increasing the total number of known potable and non-potable groundwater
sources within the study area to 170. This inventory continues to grow under the residential well
sampling currently being performed as part of the remedial action for OU-1, as new homes are
continuously built within the area. The locations of the residential wells and springs identified during both
the RI/FS and RD inventories and subsequent remedial actions are illustrated in Figure 2-14.

Groundwater sampling from residential groundwater sources during the Rl included one preliminary
sampling round and one full sampling round performed in support of the FFS and one subsequent round
during which four wells were resampled due to unexpected or questionable laboratory analyses. Sampling
rounds conducted after the scoped RI/FS field activities but pertinent to this report include one full sampling
round performed in support of the RD for OU-1 and one full sampling round conducted in support of the RA
for OU-1. The details and dates of each sampling round are described below:

• The first sampling round included seven residential wells and springs and was conducted on September
13,1995. This was a preliminary sampling round performed in support of the FFS and was designed to
determine the current groundwater conditions immediately adjacent to the site.

• The second sampling round included 103 residential wells and springs and was conducted between
November 28, 1995 and December 27, 1995. This was a full sampling round and included alt potable
groundwater sources for which sample access could be arranged. This round was also performed in
support of the FFS and was designed to identify all the contaminated potable sources within the study
area and, through this, aid in the scoping of the Rl monitoring wells by illustrating the total extent of the
groundwater plume.
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• The third sampling round included resampling of four wells and was conducted on March 26, 1997.
This sample round was performed to evaluate positive detections from the second round that were
attributed to possible laboratory contamination.

• A fourth sampling round included 111 residential wells and springs and was conducted between
December 10, 1997 and January 15, 1998. This was a full sampling round and included all potable
groundwater sources for which sample access could be arranged. This round was conducted as part of
the pre-design investigation for the RD for OU-1 and was not part of the scoped RI/FS activities. This
sampling round is included in this report because the analytical results from this round were ultimately
used in the Rl to calculate the health risks associated with each potable source.

• A fifth sampling round included 113 residential wells and springs and was conducted between July 13,
1999 and August 9,1999. This was a full sampling round and included all potable groundwater sources
for which sample access could be arranged. This round was conducted as part of the RA for OU-1 and
was not part of the scoped RI/FS activities. This sampling round is included in this report because
some of the analytical results from this round (for existing sources that were not sampled during the
previous round or new sources that were added since that round) were used in the Rl to calculate the
health risks associated with each potable source.

Groundwater samples from the residential wells were collected from as close to the wellhead as possible to
reduce the potential influence of household plumbing and any water treatment systems (e.g., carbon filters,
water softeners). The wells were purged prior to sampling by letting the cold water run at the tap for
approximately 10 to 15 minutes, if yield allowed and permission was obtained from the owner. Otherwise,
the wells were purged for as long as practical.

The sampling and analytical program for residential well samples is presented in Table 2-1 of the SAP. All
residential well samples were analyzed for TCL volatile organics (low detection limits). For the first and
second sampling rounds, the residential wells in the immediate vicinity of the site that have historically
contained elevated levels of VOCs were also analyzed for TCL semivolatile organics (low detection limits)
and TAL metals (total). For the fourth sampling round, all wells were analyzed for TCL volatile organics (low
detection limits) and TAL metals, and the residential wells in the immediate vicinity of the site that have
historically contained elevated levels of VOCs were also analyzed for TCL semivolatile organics and TCL
PCBs and pesticides. For the fifth sampling round, all wells were analyzed for TCL volatile organics (low
detection limits) and TAL metals.

All volatile organic and semivolatile organic analyses on all groundwater samples were conducted using the
Contract Laboratory Program (CLP) Statement of Work (SOW) for organic analyses, Multimedia Low
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Concentration (October 1992). This was required to ensure that hazardous substances occurring at
concentrations above the appropriate drinking water standards were detected. The analytical results from
the residential welt and spring groundwater sampling program are presented and discussed in Section
4.0.

2.4.5 Monitoring Well Groundwater

Two rounds of monitoring well sampling were performed during the RI/FS. The first round of groundwater
sampling was conducted prior to the Rl well installation program. Groundwater samples were obtained
from 19 of the 21 existing monitoring wells during the period from September 11 through 26, 1996. Two
of the monitoring wells were dry at this time and could not be sampled.

The second round of groundwater sampling was conducted at the conclusion of the Rl well installation
program. Groundwater samples were obtained from 19 of the 21 older monitoring wells and from 50
sampling zones in the 41 newly installed monitoring wells during the period from April 20, 1999 through
June 7, 1999. Four of the newly installed monitoring wells contain multi-level monitoring systems, which
allow for sampling from several water-bearing zones at different depth intervals within the well. Two of
the newly installed monitoring wells and one of the existing monitoring wells were not sampled due to
extremely low water yields, which produced water-level recoveries below the targeted 50 to 70 percent
water-level recovery within 24 hours of pumping. One of the existing monitoring wells was dry at this time
and could not be sampled.

During the first round of monitoring well sampling, all wells were purged prior to sampling by pumping with
submersible pumps or by hand bailing. The discharge was monitored for pH, temperature, conductivity,
oxidation/reduction potential, and dissolved oxygen. The purging and sample collection method referenced
in EPA Region 3 quality assurance directive QAD023 was followed. Samples were collected according to
TtNUS SOP SA-1.1, using decontaminated stainless-steel bailers.

During the second round of monitoring well sampling, several different monitoring well purging and sampling
techniques were utilized, depending upon the type of well construction, the well yield, and whether the well
was completed within the bedrock or overburden geologic materials. In every case, the water discharge
was monitored for pH, temperature, conductivity, turbidity, and dissolved oxygen. Unless otherwise noted,
the purging and sample collection method referenced in EPA Region 3 quality assurance directive QAD023
was followed.

For wells containing multi-level monitoring systems (Westbay wells) development or purging of the 15
sampling zones was performed separately and at least 2 weeks prior to sampling. All Westbay wells were
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sampled using Westbay sample flasks to collect the sample volume and a Westbay sampling tool to open
and close the sample ports. The Westbay sampling components are constructed of stainless-steel and
were thoroughly decontaminated before each use.

All bedrock wells with sustained yields greater than approximately 0.2 gallon per minute were purged of
three to five well volumes using submersible pumps (one well could only be purged of 2.3 well volumes due
to a combination of the well's low recharge rate and large volume). Immediately upon completion of
purging, the pumping rate was reduced to the lowest stable flow rate possible for each well location and
samples were obtained directly from the pump discharge. The lowest stable flow rate used for sampling
varied from approximately 0.1 to 0.75 gallon per minute and was dependent on the type of pump used, the
flow control valve or pump controller used, and the hydraulic pumping head at each well. Pumping water
levels in bedrock wells were monitored during purging and sampling and were never permitted to fall below
the top of the well screen at any time.

All bedrock wells with sustained yields less than approximately 0.2 gallon per minute were purged of 1.0 to
1.5 well volumes using submersible pumps or disposable bailers (the one well was purged using a bailer
because the well depth above the screened interval was too great to purge using the pumps available).
After the water volume in the well recovered to at least 50 to 70 percent of the original purged volume, and
within 24 hours of purging, the well was sampled using either the same pump or bailer that was used for
purging. Samples from the submersible pumps were obtained using the lowest stable flow rate possible for
each well location. Water levels in bedrock wells were monitored during purging and sampling and were
never permitted to fall below the top of the well screen at any time.

Three of the bedrock monitoring wells were not sampled due to extremely low water yields, which
produced less than the targeted 50 to 70 percent water level recovery within 24 hours of pumping.

Overburden wells with moderate to high yields (greater than approximately 0.2 gallon per minute) were
purged of 3.0 to 5.0 well volumes using submersible pumps or disposable bailers. The well was sampled
immediately upon completion of purging using either the same pump or bailer that was used for purging.
Samples from the submersible pumps were obtained using the lowest stable flow rate possible for each well
location.

Overburden wells with lower yields (less than approximately 0.2 gallon per minute) were purged of 1.0 to 2.5
well volumes using submersible pumps or disposable bailers. After the water volume in the well recovered
to at least 50 to 70 percent of the original purged volume, and within 24 hours of purging, the well was
sampled using either the same pump that was used for purging or a disposable bailer. Samples from the
submersible pumps were obtained using the lowest stable flow rate possible for each well location.
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One of the overburden monitoring wells was dry at this time and could not be sampled.

During both sampling rounds, all purge water was collected and treated by pumping through two drums of
granular-activated carbon (connected in series) before being discharged to the ground surface.

The sampling and analytical program for groundwater samples is presented in Table 2-1 of the SAP. All
groundwater samples collected during each sampling round were analyzed for the following parameters:

• TCL volatile organics (low detection limits)
• TCL semivolatile organics (low detection limits)
• TCL PCBs and pesticides
• TAL metals (total and dissolved) and cyanide

Six selected groundwater samples collected during the second sampling round were analyzed for the
following parameters:

• COD
• TOC
• Alkalinity
• Ammonia
• BOD
• Chlorides
• Hardness
• Nitrates-nitrites
• Sulfate
• TDS
• TSS

Samples collected for dissolved metals analysis were filtered in accordance with EPA Region 3 quality
assurance directive QAD009. Analyses of all groundwater samples were conducted using the Superfund
Analytical Methods for Low-Concentration Water for Organic Analyses, which provides low detection limits.
This was required to ensure that the levels of hazardous substances previously detected in the study area
were accurately defined.

The analytical results from the monitoring well groundwater samples are presented and discussed in
Section 4.0.
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2.5 SITE SURVEY
Surveying was performed during the RI/FS by Ludgate Engineering Corporation under subcontract to
TtNUS and included the following tasks:

• Determine the horizontal location and vertical elevation of the ground surface, the uncapped well
riser, and the top of the protective casing for each of the 21 existing monitoring wells installed during
the previous hydrogeologic investigation.

• Determine the horizontal location and vertical elevation of the ground surface for three on-site
springs.

• Determine the horizontal location and vertical elevation of a marked reference point for four off-site
staff gauges along the West Branch Perkiomen Creek.

• Determine the horizontal location and vertical elevation of the ground surface for 26 on-site reference
points. These reference points included four grid points in the borrow pit, four grid points in the dump
area, five grid points in the quarry area, four grid points in the alleged drum disposal area, four grid
points in the EPIC pit area, and one point at the reinforced concrete culvert pipe underlying the farm
road between the EPIC pit area and the dump area.

• Determine and mark in the field the locations of approximately six points along property boundaries
adjacent to the site, to facilitate monitoring well placement.

• Determine the horizontal location and vertical elevation of the ground surface, the uncapped well
riser, and the top of the protective casing of each of the 41 new monitoring welts installed during the
RI/FS.

• Determine the horizontal location and vertical elevation of the ground surface of eight soil boring
locations and two test pit locations.

• Construct a detailed site topographic map (with 2-foot contour intervals) using a combination of
surveyed reference elevation points and stereoscopic photographs obtained during an aerial flyover
of the site.

All survey measurements were made relative to USGS mean sea level (MSL) elevation and Pennsylvania
State Plane Coordinates. Tables of the survey results are included in Appendix E.
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The surveying was performed in three separate phases. The first phase was conducted during January
1997 and included surveying of the existing monitoring wells, the site springs, the staff gauges, and the
on-site reference points. The second phase was conducted during February 1998 and included field
location of the adjacent property line points. The third phase was conducted during May 1999 and
included the flyover and surveying of the new monitoring wells installed during the RI/FS and the
locations of soil borings drilled and test pits excavated for subsurface soil sampling during the RI/FS.

2.6 ECOLOGICAL ASSESSMENT

A biological resources inventory was conducted to provide baseline data on the distribution of ecological
receptors at the site and to facilitate the performance of the ecological risk assessment. The results of
this inventory are discussed in detail in Section 3.0.

Two biologists (a botanist/wetlands scientist and a wildlife biologist) visited the site from July 7 through
July 9, 1998. The biologists walked representative meander patterns and prepared qualitative
descriptions of each natural habitat on the site. The descriptions included lists of observed plant and
wildlife species and an assessment of the relative value of each habitat to various categories of wildlife.
The primary focus of the survey were those areas closest to and downgradient of the known and
suspected source locations. Peripheral areas were investigated by a rapid scan from roadways or
convenient overlook points.

The biologists also identified and described wetlands and other waters of the United States (as defined
under Section 404 of the Clean Water Act) in those parts of the site closest to the suspected
contamination. Criteria for the delineation of wetlands in the Corps of Engineers Wetlands Delineation
Manual (Environmental Laboratory, 1987) were used to identify wetlands, but a formal delineation was
not completed. Vegetation, soils, and hydrology data were collected from representative locations in
each wetland, but wetland boundaries were not flagged or surveyed. Functions and values of the
wetlands were assessed in a descriptive manner.

A site tour was conducted in May 1998 for the EPA Region III Biological Technical Assistance Group
(BTAG). The BTAG includes a representative from the U.S. Fish and Wildlife Service, who evaluated the
site and nearby environs for potential bog turtle habitat.
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3.0 PHYSICAL CHARACTERISTICS OF THE SITE

3.1 SURFACE FEATURES

The site is located within the Reading Prong Section of the New England Physiographic Province. The
topography within the study area primarily reflects the complex underlying bedrock geology and consists
of high hills and ridges underlain by more resistant metamorphic and igneous rocks and broad, low
valleys underlain by less resistant carbonate rocks. Surface elevations within the Crossley Farm property
range from approximately 700 to 930 feet above mean sea level (amsl). The surface elevations
throughout the study area (from the source areas at the site to the downgradient extent of the
groundwater plume near Old Route 100 in Batly) range from about 460 to 930 feet.

The Crossley Farm proper occupies a highland area (Figure 3-1). The most prominent highland within
the entire study area occurs on the Crossley Farm and is known locally as Blackhead Hill. The hill is very
steeply sloped to the west and south of its crest. To the north and east of its crest, the hill is fairly level or
flat and supports a working farm over much of its area. A small quarry at the crest of the hill has been
active for over 50 years. The hill is bordered to the west and southwest by a fairly broad, flat valley
known locally as Dale Valley.

Blackhead Hill and the Crossley Farm are generally bisected by an east-west-trending secondary ridge
that will be referred to within this report as the Trash Dump Ridge, since the trash dump waste area is
located atop and straddles this ridge. South of the Trash Dump Ridge, Blackhead Hill is further bisected
by a southwest-northeast-trending ridge that passes through the quarry and the borrow pit area. This
ridge will be referred to within this report as the Borrow Pit Ridge (Figure 3-2).

3.2 CLIMATOLOGY

The region has a relatively mild climate with long, warm summers, short, cool winters, and a frost-free
period of about 175 days. Historical climatological data for the city of Reading (located about 15 miles to
the southwest) indicate that average monthly temperatures range from about 75° F in the summer to
about 27°F in the winter, with yearly average temperature extremes ranging from 85° F in the summer to
18°F in the winter. The area has a total annual average precipitation of approximately 45 inches.

3.3 SURFACE WATER HYDROLOGY

Several permanent and intermittent (temporary) surface water bodies occur on the Crossley Farm Site.
The site occupies a local topographic high that is bisected by several secondary ridges, resulting in
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multiple surface water drainage pathways and directions. Ultimately, most of the surface water drainage
from the site flows into the West Branch Perkiomen Creek. The drainage from the extreme northeastern
corner of the site flows into the Main Branch Perkiomen Creek.

3.3.1 Surface Water Bodies

Several perennial and temporary surface water bodies exist on site (Figure 3-3) and are described below;

• A spring-fed stock pond occurs immediately south of Huffs Church Road. Water from this
pond exits the site via a perennial stream that is an unnamed tributary to West Branch
Perkiomen Creek (see Figure 3-1 for pond and tributary locations).

• A small perennial stream begins at the emanation point of on-site Spring No. 101, along the
western flank of Blackhead Hill. The stream is intermittent above the spring and basically
channels stormwater runoff from a large portion of the agricultural fields. Also, the emanation
point of the spring migrates up and down the slope of the hilt, depending on the season and
the position of the water table.

• A temporary or seasonal pond occurs within the woods to the south and southeast of the
borrow pit and the agricultural fields. This pond will be referred to as the "Deer Pond" in this
report because of the abundant deer prints that are typically observed in the vicinity. The
Deer Pond is fed by two intermittent springs (Spring No. 178 and Spring No. 179) that
emanate immediately south of the tree line and in the break of slope separating the
agricultural fields from the woods. Even when flowing, the discharge from the springs does
not always reach the pond, because the streams become losing reaches between the springs
and the pond. The surface water from the pond drains to the south via an intermittent
tributary that flows down the southern flank of Blackhead Hill. This stream also flows along a
losing reach, and water rarely flows to Dairy Lane at the base of the hill. During significant
storm events, however, the flow in this tributary can be quite substantial. Water has been
observed flowing to and across Dairy Lane (where there is no channel) as surface wash.

Spring No. 178 emanates from a PVC pipe that sticks out from the slope break. The source
of the water flowing from the pipe is unknown. The pipe may merely improve the spring by
collecting and channeling the water, or the pipe may represent the discharge point for a tile
field installed beneath the upgradient agricultural field. The generally wet and soft nature of
the field immediately upgradient from the tree line supports the hypothesis that a drain field
was installed in an attempt to improve the soil quality at this location.
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A pond known locally as the Bass Pond occurs within the woods adjacent to the southeastern border of
the site. This pond is fed by an intermittent stream that channels surface water from the agricultural fields
in that portion of the site. Pond drainage is via an intermittent tributary that joins the tributary draining the
Deer Pond before exiting the site. The Bass Pond is probably also fed by a spring(s), since it always
appears to have water, regardless of the frequency or amount of precipitation.

Numerous other springs occur off site, either farther downgradient along the flanks of Blackhead Hill or
within the Dale Valley. Several of these springs were sampled during the Rl. The locations and
analytical results from these sources will be discussed in Section 4.0.

3.3.2 Site Surface Water Drainage Pathways

Most of the surface water drainage for the area north of the Trash Dump Ridge (except for the extreme
northeastern corner of the property) discharges to the west-northwest via a perennial stream that
originates at the spring-fed, on-site stock pond and flows into the West Branch Perkiomen Creek about
2,000 feet downstream from the site. The drainage from the extreme northeastern corner of the site
(north of the Trash Dump Ridge and east of the Borrow Pit Ridge) ultimately flows in a generally eastward
direction through unnamed tributaries before ultimately reaching the Main Branch Perkiomen Creek.

Most of the surface water drainage for the area south of the Trash Dump Ridge discharges from the site
along either the southern or western flanks of Blackhead Hill (depending on the location relative to the
Borrow Pit Ridge) and ultimately flows into the West Branch Perkiomen Creek. West of the Borrow Pit
Ridge, surface water drainage is to the northwest into a topographic "saddle" between the trash dump
and the quarry and toward the unnamed tributary that is perennial below on-site Spring No. 101 and
intermittent above this point (receiving runoff from the agricultural fields during storm events). East of the
Borrow Pit Ridge, surface water drainage is to the southeast, through the Deer Pond and the Bass Pond,
and toward the intermittent tributary that drains this area.

3.4 GEOLOGY

3.4.1 Llthology

The Crossley Farm project area lies within the Reading Prong Section of the New England Physiographic
Province. The Reading Prong is a large northeast-southwest-trending highland of Precambrian age
crystalline rocks and Paleozoic age sedimentary rocks that are bordered to the north and west by Lower
Paleozoic carbonate rocks and shales of the Great Valley Physiographic Province and to the south and
east by shales, sandstones, and conglomerates of the Triassic Lowlands.
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The project area is underlain by the Precambrian age crystalline rocks of the Byram Intrusive Suite, the
Cambrian age sandstones and conglomerates of the Hardyston Formation, and the Cambrian to
Ordovician age limestones and dolomites of the Leithsville Formation. The outcrop locations of these
lithologies throughout the study area are illustrated on the geologic map in Figure 3-4, and the locations
of the Rl areas of investigation relative to the bedrock geology beneath Blackhead Hill are illustrated in
Figure 3-5.

Several surface quarries and ore pits exist either on Crossley Farm or within the study area and are
indicative of enriched metaliferous lithologies in this area. The existence of these deposits will become
important in the discussion of the nature and extent of the inorganic constituents throughout the study
area (Section 4.0).

A small pit located immediately south and downslope of the Trash Dump is referred to as the Mica Mine
by local residents. The pit is currently eroded and overgrown, and is roughly circular in shape with a
maximum depth of 10 feet and diameter of 20 feet. Numerous small books of mica ranging up to 1 inch in
length have been found in exposed soils at the pit. The actual dates and extent of prospecting or mining
that took place at this location are unknown.

Residual limonite ores are common within the Paleozoic carbonates from the southeastern portion of the
state, and over 100 such mines were reported to exist in Berks County. These mines were the most
important source of iron in Pennsylvania before and during the mid-1800s. The ores consist of timonite
and goethite which occurred as supergene enrichment deposits related to the development of thick
saprolite residuum (Schlutz, 1999).

3.4.1.1 Byram Intrusive Suite

The Byram Intrusive Suite consists of a mineralogically variable series of granitic rocks. The felsic end
member of the series is a granite gneiss (with abundant potassium feldspar) and the mafic end member
of the series is a hornblende or gabbro granite (Drake, 1984). The grouping of these diverse lithologies
reflects the similar genesis of the rocks and differs somewhat from the mineralogically based classification
system used by Buckwalter (1959) to construct the geologic map that is included in this report. In
Buckwalter's classification scheme, the plagioclase-rich granite gneiss was assigned to the "Byram"
Formation and the hornblende or gabbro-rich gneiss was assigned to the "Pochuck" Formation.
Buckwalter recognized that both rock types were often found at any particular locality and attributed their
coexistence to the assimilation or partial assimilation and injection of the "Pochuck" into the "Byram."

L/DOCUMENTS/RAC/RAC3/7525/14688/SEC3 78

AR300l*28



7525gm17.dwg 7/12/00 LDL

LEGEND

"Byram gneiss
"Byram" gneiss with assimilated "Pochuck gneiss;

bpqd } slash density = relative abundance of Pochuck"
"Pochuck gneiss
graphitic gneiss
Hardyston Quartzite
Hardyston Quartzite; basal conglomerate

_ _ _ _Contacts (dashed where approximate)

_ _ __Faults (dashed where approximate)

Map from Buckwalter, 1959

752l?qm17.dwg AR300l»29



L:\AUTOCAD\ALL_PROJECTS\7525\7525gm30.dwg 8/4/00 LDL

TRASH DUMP

DRUM EXCAVATION AREAALLEGED DRUM

DRAWN BY DATE
LDL 8/4/00 GEOLOGIC MAP

OF
BLACKHEAD HILL AREA

CROSSLEY FARM
HEREFORD TOWNSHIP, BERKS COUNTY, PA

Tetra Tech
NUS. Inc.SCALE IN FEET DRAWING NO.

FIGURE 3-5
SCALE

AS NOTED
AR300l*30



3.4.1.2 Hardyston Formation

The Hardyston Formation was deposited in braided plain to shallow subtidal environments and typically
consists of a light gray, fine- to medium-grained quartzite and fetdspathic sandstone. A quartz pebble
conglomerate occurs at the base. Skolithus burrows are present in the upper part of the formation (Drake
et al., 1984; Berg et al., 1980). The congolomerate facies and the skolithus burrows have been observed
in on-site drill cuttings, outcrops, and talus material.

The Hardyston Formation rests nonconformably on the Precambrian crystalline rocks, but interpretations
differ concerning the structural relationship of the unconformable contact. Although rare, field exposures
of the contact have been described as a 1- to 8-foot-thick zone of grayish-green phyllite with sericite and
some chlorite. This zone has been interpreted as either a metamorphosed soil that was developed on the
gneiss or a direct result of the structural deformation of the gneiss. MacLachlan (1979) states that, in
either case, the rock is strongly sheared and reflects movement between the Hardyston and the
crystalline rock during deformation.

3.4.1.3 Leithsville Formation

The Leithsville Formation was deposited in shallow marine environments and typically consists of a
medium to dark gray, massively bedded crystalline dolomite interbedded with thin sequences of shale
and shaly dolomite. The upper part of the formation is very shaly (Berg et al., 1980). Nodules, beds, or
veins of chert were commonly noted in the drill cuttings during this investigation. The Leithsville
Formation was historically mined or quarried for use as agricultural lime or as a flux in the local iron
furnaces. Several quarries exist in the Date Valley within the study area.

3.4.1.4 Overburden

For the purposes of this investigation, the overburden is defined as the total section of unconsolidated
and semi-consolidated materials (soil and saprolite) that overlie the more resistive, fresher bedrock,
regardless of lithology. The overburden can be regarded as a special geologic unit that crosses various
rock types and is considered to be a true hydrogeologic unit that has an important impact on groundwater
conditions (GSA, 1988).

The overburden within the study area typically consists of mixtures of soil, saprolite, colluvium (chiefly
talus transported to lower elevations by mass wasting), and alluvium. The soil and saprolite are present
at all locations, and the presence of colluvium and alluvium is dependent on the proximity of any location
to adjacent steep topographic slopes or the location's position within the Dale Valley.
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The thickness of the overburden within the study area is highly variable and is dependent on many
factors, including the composition of the underlying bedrock, the chemistry of the groundwater, the degree
of bedrock fracturing, the proximity to major structures such as faults, and the proximity to steep slopes.

3.4.2 Structural Geology

The structural geology of the area is complex and not completely understood because the rocks of this
area have been subjected to at least three major post-Cambrian tectonic events, including the Taconic
and Alleghenian Orogenies and the tensional tectonics associated with the Triassic rifting event and
formation of the Atlantic Ocean. Several hypotheses have been proposed to explain the complex
assemblage and observed juxtaposition of P re Cambrian and Paleozoic rocks.

Early interpretations (Buckwalter, 1959, 1962) held that the stratigraphic and structural relationships
within the study area were created by down-faulting and folding of the Paleozoic sediments into a deep
syncline with later strong shearing of the synclinal structure and subsequent erosion. Current
interpretations {Drake et al., 1989; Berg et al., 1980) favor the hypothesis that the Reading Prong is a
nappe megasystem that was formed by significant thrust faulting during the Taconic Orogeny. Under this
hypothesis, the Precambrian crystalline rocks and Early Paleozoic sedimentary rocks (including the
Hardyston and Leithsville Formations) were thrust over a floor of younger Paleozoic sedimentary rocks
and deformed into large, recumbent folds (nappes). Locally, the Dale Valley carbonates could represent
either an erosional window through one thrust sheet into a structurally lower thrust sheet, or a synclinal
structure within a common thrust sheet that was subsequently down-faulted after thrusting. Prior to this
investigation, it was determined that the actual structural mechanism may be significant to the
groundwater contamination problem because the faults and the associated increase in fractures near the
faults may be major avenues of contaminated groundwater migration, and, if the erosional window
hypothesis was correct, it was possible that the deep (at least hundreds of feet) plume of contaminated
groundwater within the valley carbonates could migrate out of the valley for significant distances within
the carbonate units and beneath the overlying crystalline rocks.

The structural geology at the site and within the study area is illustrated on the geologic maps (Figures 3-
4 and 3-5). Some of the geological interpretations relevant to this investigation include the following:

• Most of Crossley Farm and the surrounding area is underlain by the crystalline bedrock composed
principally of granite gneiss but containing the hornblende granite in varying proportions. In general,
the relative abundances of hornblende granite appear to be greatest west of Blackhead Hilt and the
Perkiomen Creek.

L/DOCUMENTS/RAC/RAC3/7525/14688/SEC3 82

AR300(<32



• A large band of Hardyston Formation underlies the southern and southeastern flanks of Blackhead
Hill and has been interpreted to noncomformably overlie the crystalline rock along its northern contact
and to be in fault contact with the crystalline rock along its southeastern contact.

• A small, isolated block of Hardyston Formation underlies the crest of Blackhead Hill (including the
quarry) and extends down the west flank of the hill into the valley; it has been interpreted to be an
isolated fault block (graben) that is in fault contact with the surrounding bedrock on all sides.

• The Dale Valley is primarily underlain by the Leithsville dolomite. The outcrop and subcrop area of
the dolomite extends from immediately west and south of Blackhead Hill to just south of the
intersection of Dale Road and Forgedale Road, where it is in fault contact with the crystalline bedrock.
The Leithsville is interpreted to be in fault contact with the neighboring bedrock throughout most of
the valley, except immediately south of Blackhead Hill and the southwestern corner of the valley,
where the dolomite is interpreted to conformably overlie the Hardyston Formation.

• A northwest-southeast-trending fault runs from immediately east of the crest of Blackhead Hill,
through the borrow pit area, and down the slope toward Dairy Lane and the Dale valley. The
horizontal displacement of the fault (as measured by the horizontal displacement of the contact of the
basal Hardyston unit with the crystalline bedrock) is approximately 500 feet. The amount of vertical
displacement is not known.

3.4.3 Regional Fracture-Trace Analysis

EPA performed a regional fracture-trace analysis in this portion of Berks County due to the presence of
several hazardous waste sites within the region (EPA, 1992). The fracture-trace analysis identified
naturally occurring linear features that could represent surface expressions of bedrock fractures or zones
of fractures. Commonly mapped linear features include straight stream segments, variations in soil tone,
anomalous vegetation patterns, and alignment of springs or seeps.

The results of the fracture-trace analysts within the Crossley Farm study area are illustrated in Figure 3-6.
Fracture traces are relatively rare within the highlands (including the farm proper) that are underlain by
the resistant quartzites and crystalline gneisses but are relatively common within the carbonate-floored
Dale Valley.
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3.4.4 Soils

The soils at the Crossley Farm were described by the field geologist as they were brought to the surface
during the air rotary drilling of the monitoring well boreholes and the hollow-stem auger drilling of the soil
borings. They were also described by field team members during soil sampling activities.

The borehole drilling and soil sampling program revealed that a generally thick soil cover consisting
chiefly of a sandy to rocky clay extends over much of the site. The soil thickness (defined as the depth to
split-spoon refusal) ranged between 10 and 16 feet and generally averaged about 14 feet.

Ten soil types from two soil series and one land type have been mapped within the farm boundaries
(Figure 3-7). The soil series include the Chester and the Baile soil series. The land type is rubble land,
where the soils are very thin to absent. Generalized descriptions of the soil series are provided below.
The soil series and soil types are described in detail in the Soil Survey of Berks County. Pennsylvania
(United States Department of Agriculture, Soil Conservation Service, 1970).

The Chester series soils consist of deep, well-drained gently sloping to hilly soils that form from
weathered gneiss. In a typical soil profile, a channery silt loam grades downward to a silt loam and sandy
loam with rock fragments near the top of the saprolite. Surface runoff ranges from slow to very rapid, the
permeability is moderate, and the available moisture capacity is high. The soil has a reported pH of 6.5 to
7.0, an available moisture capacity of 0.10 to 0.16 inch/inch, and a permeability of 0.63 to 2.0
inches/hour. The individual Chester series soil types that are present at the site include the following:

• Chester channery silt loam, three to eight percent slopes, moderately eroded (ChB2)
• Chester channery silt loam, eight to fifteen percent slopes, moderately eroded (ChC2)
• Chester channery silt loam, eight to fifteen percent slopes, severely eroded (ChC3)
• Chester channery silt loam, fifteeen to twenty-five percent slopes, moderately eroded (ChD2)
• Chester channery silt loam, fifteeen to twenty-five percent slopes, severely eroded (ChE3)
• Chester very stony sift loam, zero to eight percent slopes (CnB)
• Chester very stony silt loam, eight to twenty-five percent slopes (CnD)
• Chester very stony silt loam, twenty-five to fifty-five percent slopes (CnF)

Four soil samples of Chester channery silt loam were analyzed for grain size distribution. Two of the
samples came from the test pits dug in the trash dump area, and two of the samples came from a soil
boring that was drilled adjacent to the borrow pit (SB-8, at subsurface depths of 4 and 8 feet). Based on
the grain size analyses, these soils were classified as a silty sand with gravel (at the borrow pit) or a
gravelly elastic silt to a sandy elastic silt (at the trash dump).
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The Baile series soils consist of deep and poorly drained soils that form from weathered gneiss and
colluvium derived from gneiss. On the farm, these soils typically occupy the drainage pathways and
topographic depressions or low areas. In a typical soil profile, a silt loam grades downward to a sitty clay
loam and a mottled clay loam. Surface runoff is slow and the soil permeability is low. The soil has a
reported pH of 5.0 to 7.0, an available moisture capacity of 0.10 to 0.20 inch/inch, and a permeability of

less than 0.20 to 2.0 inches/hour. The individual Baile series soils that are present at the site include the
following;

• Baile silt loam (Ba)
• Baile very stony silt loam (Bd)

Rubble land is defined as a miscellaneous land type consisting of stony or bouldery areas. The land is
typically so stony that only a few trees or shrubs may grow on it. On the farm, the area of the quarry and
the talus slope is classified as rubble land.

3.5 SITE GEOLOGY

3.5.1 Surface Geophysics

3.5.1.1 Azimuthal Resistivity Survey

Azimuthal resistivity survey (ARS) data were recorded at two locations, ARS1 and ARS2, located in the
open fields to the north and southeast of the borrow pit, respectively (Figure 2-1). The ARS data were
used to orient the subsequent VLF survey and to aid in the placement of monitoring wells by mapping
apparent resistivity variations versus depth, thereby estimating the orientation of existing, saturated
bedrock fractures or fracture zones. The depth of investigation for these surveys ranged from
approximately 13 to 100 feet, depending on the A-spacing of the square array. The principles and
acquisition of the ARS data are described in Section 2.1.1.1.

ARS1

BEA plotted apparent resistivity versus angular orientation as a Rose Diagram for the seven A-spacings
recorded for ARS1. The diagrams are included in Figure 3-8. BEA's interpretation of primary and
secondary resistivity minimum orientations, when present, is also shown on the Rose Diagrams.
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The apparent resistivity plots for the smaller A-spacings (10, 14.1, and 20 feet) are nearly circular,
indicating that the shallow subsurface is relatively homogeneous to subsurface depths of approximately
25 feet. Based on nearby excavation results and these resistivity data, the shallow subsurface material at
ARS1 probably consists of weathered overburden material.

The apparent resistivity plots for the larger A-spacings (28.3, 40, 56.6, and 80 feet) are characterized by
an elliptical to almost rectangular shape, indicating significant subsurface inhomogeneity below a depth of
approximately 25 feet. A primary apparent resistivity minimum is consistently interpreted in the direction
of N60E (perpendicular to the maximum resistivity recorded along N30W), and a secondary resistivity
minimum is sometimes interpreted in the direction of N105E. The direction of the primary apparent
resistivity minimum (N60E) is interpreted to represent the preferred bedrock fracture orientation in the
vicinity of ARS1. The direction of the more subtle, secondary apparent resistivity minimum (N105E) is
interpreted to represent a secondary, less developed fracture orientation in the vicinity of ARS1.

ARS2

BEA plotted apparent resistivity versus angular orientation as a Rose Diagram for the seven A-spacings
recorded for ARS2. The diagrams are included in Figure 3-9. BEA's interpretation of primary and
secondary resistivity minimum orientations, when present, is also shown on the Rose Diagrams.

The apparent resistivity plots for the smaller A-spacings (10, 14.1 and 20 feet) each show at least two
apparent resistivity minimum directions, indicating that the shallow subsurface to depths of less than
approximately 25 feet is relatively inhomogeneous. The combination of apparent resistivity minimums
varies with each A-spacing but consistently exists along N30E, N60E, or N90E. These apparent
resistivity minimums may represent the preferred fracture orientations within shallow bedrock material at
ARS2. However, the actual causes of the inhomogeneity and the variety of apparent resistivity minimum
orientations are unknown.

The apparent resistivity plots for the larger A-spacings (28.3, 40, 56.6 and 80 feet) are characterized by
an elliptical to almost rectangular shape, indicating significant subsurface inhomogeneity below a depth of
approximately 25 feet. A primary apparent resistivity minimum is consistently interpreted in the direction
of N113E (perpendicular to the maximum resistivity recorded along N23E). The direction of the apparent
resistivity minimum is interpreted to be the preferred (deeper?) bedrock fracture orientation in the vicinity
ofARS2.
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3.5.1.2 Very Low Frequency (VLF) Survey

VLF data were recorded on 11 profile lines oriented roughly perpendicular to the preferred primary
fracture orientation determined by the ARS. The locations of the VLF profile lines are shown in Figure 2-
1. The VLF data were used to try to locate significant bedrock fractures or fracture zones at the site. The
acquisition details and principles of the VLF geophysical survey are described in Section 2.1.1.2.

The transmitter location in Cutler, Maine, operating at a frequency of 24.0 kilohertz (kHz), was utilized as
transmitter number 1 on all profile lines. The transmitter location in Seattle, Washington, operating at a
frequency of 24.8 kHz, was utilized as transmitter number 2 on all but two profile lines. The transmitter
location in Puerto Rico, operating at a frequency of 27.5 kHz, was utilized as transmitter number 2 on two
profile lines when the Seattle transmitter could not be received. The quality coefficient, a measure of
signal strength relative to background noise (from 0 to 100 percent), averaged 83.10 for Cutler, Maine,
22.33 for Seattle, Washington, and 14.17 for Puerto Rico. These data indicate that the Cutler, Maine data
used for transmitter number 1 are of relatively good quality, and those used for transmitter number 2 are
of relatively poor quality and are less reliable.

The exploration depth of the VLF technique is dependent on the electrical resistivity and is greater in
materials of higher resistivity. Based on the background conductivities obtained during the EM-31
surveys (10 mS/m), the maximum VLF exploration depth is approximately 50 feet. Based on the range of
apparent resistivities obtained from the ARS (about 2000 to 5000 ohm-feet), the maximum VLF
exploration depth is approximately 130 to 220 feet. Based on these calculations, the VLF data should be
sensitive to subsurface conditions up to, or exceeding, 50 feet.

Two response types were interpreted from the VLF data. The first is interpretation of fracture zones,
which are characterized by abrupt changes in the magnitude and sign of the tilt angle and ellipticity
values. These changes correlate to maximum deflections on the Fraser derivative graph. The second is
interpretation of possible changes in subsurface lithology, including overburden thickness and
composition. This interpretation involves qualitative assessment of changes in the relative magnitude and
sign of plotted tilt angle and ellipticity values and the locations where these relative properties change.

Two significant cultural sources of interference were noted during the VLF survey. The first was an
overhead power line that intersected profile line B at station 2380 and profile line C at station 2385. The
second was a buried water line that intersected profile line D at station 2940 and profile line E at station
3075. Both of these features are oriented nearly perpendicular to the profile lines and behave as strong
linear conductors. Consequently, they are characterized by abrupt changes in the magnitude and sign of
the tilt angle and ellipticity values and corresponding maximum deflections on the Fraser derivative graph.
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Bedrock Fractures

BEA interpreted two areas of suspected bedrock fracturing based on the VLF data from transmitter
number 1. The first area occurs where anomalous responses were interpreted between stations 1500
and 1530 on Line A and between stations 1950 and 1980 on Line B (Figure 3-10). Since the depth to a
buried feature can be estimated as approximately one-half of the anomaly width, each of these anomalies
displays a response consistent with a shallow bedrock fracture. The sharp, well defined anomalies
suggest that the VLF profiles are oriented nearly perpendicular to the interpreted fracture. If the two
responses are due to the same feature, it would correspond to an orientation of N41 E.

In-fill Line J was designed to investigate the area between the two field-interpreted anomalies on Lines A
and B. The data for Line J do not show a distinct anomaly between, and in line with, the anomalies of
Lines A and B. However, there is a cross-over in the relative position of the tilt-angle and ellipticity data
near the point where an anomaly would be expected to occur, if caused by a continuous feature between
Lines A and B.

TtNUS interpreted an additional VLF anomaly in this area that may be related to the feature identified by
BEA. Anomalous responses similar to those observed on Lines A and B were observed on Line H. The
location of these anomalies is in line with those observed on Lines A and B, suggesting that they may be
related to the same bedrock feature.

BEA interpreted a second area of suspected bedrock fracturing where anomalous responses were
interpreted on Line E'and on Line G (Figure 3-10). The anomalies occur in an area where both Lines E
and G are oriented northeast-southwest and are separated by approximately 50 to 60 feet. The close
spacing and parallel orientation of Lines E and G in the area of the anomalies make it difficult to estimate
an orientation for the interpreted fracture zone. The widths of the anomalies on Lines E and G are much
greater than those observed on Lines A and B and display a series of peaks and troughs that might
indicate a wider, more heavily fractured zone. However, a greater apparent width would be expected if
the VLF profiles crossed the fracture zone at a more closely parallel orientation or if the fracture zone
were less steeply dipping.

In-fill Line K was designed to constrain the orientation of the interpreted fracture zone in the area to the
east and southeast of the anomalies on Lines E and G. However, no anomalous responses were
recorded on Line K. The recorded VLF anomalies on Lines E and G and the lack of an anomaly on Line
K suggest a generally north-south trend for the fracture zone. However, if the transmitter number 2
anomaly on Line E is accepted, then either an east-west component of orientation is present or the
fracture zone is wide enough to conduct VLF energy in both directions.
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Overburden and Lithology Changes

BEA also performed a qualitative examination of the transmitter number 1 data to assess possible
changes in subsurface electrical character. Since the propagation of VLF waves is dependent on
subsurface electrical properties, gradual changes can be evidence for bedrock contacts or significant
overburden variations. These gradual changes are in contrast to the abrupt responses interpreted as
possible bedrock fracture zones or cultural features, and their trend often continues on the other side of a
strong anomaly.

Recorded trends in VLF data are divided into three categories:

• Areas where ellipticity magnitudes are less than tilt angle magnitudes and are of the opposite
sign.

• Areas where ellipticity and tilt angle magnitudes are similar and of the same sign.

• Areas where ellipticity values are greater than tilt angle values.

The VLF literature indicates that the first case is consistent with relatively conductive materials, and the
other cases are typical of resistive materials.

BEA evaluated profile Lines A through F using these criteria and compared the results to the mapped
geology. Resistive conditions were interpreted in areas of known or assumed reduced overburden
thicknesses such as the primary hill of Hardyston Formation (Blackhead Hill) and the crest of an east-
west-trending ridge between Line C and Line E. Responses consistent with more conductive overburden
were recorded along flanks of topographic highs and may be related to thicker overburden, colluvium, or
near-surface drainage.

TtNUS performed a similar evaluation of the VLF data and reached conclusions similar to those drawn by
BEA. Resistive conditions mainly occur on ridges and hilltop areas, where the inferred depth to bedrock
is most shallow. These resistive areas frequently correspond to the observed or mapped outcrop of the
Hardyston Formation. Conductive subsurface conditions mainly occur on the hillsides in areas
interpreted to be underlain by thick colluvial wedges or in topographically lower areas interpreted to be
underlain by thicker overburden deposits or having greater near-surface drainage.
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3.5.1.3 Electromagnetic (EM) Survey

Borrow Pit Area

The results of the EM geophysical survey of the borrow pit area are shown in Figures 3-11 and 3-12.
Notable site features, including topography and accumulations of debris and metal objects, are also
shown on these figures. All the significant EM anomalies, both for ground conductivity and inphase
response, are coincident with the locations of observed metallic objects or debris. Terrain conductivity
values appear to be slightly higher outside the borrow pit to the south and east and are probably due to
thicker overburden deposits in these unexcavated areas.

Alleged Drum Disposal Area

The results of the EM geophysical survey of the alleged drum disposal area are shown in Figures 3-13
and 3-14. Most of the area is characterized by background conductivity values ranging from
approximately 4 to 10 mS/m. An east-west, linear-trending anomaly, best represented as a ground
conductivity low (Figure AD1), extends roughly from coordinates (120, 320) to (280, 200). The anomaly is
characterized by a slightly higher inphase response.

According to BEA, the conductivity low and positive inphase values that characterize this anomaly are not
a typical response to buried metallic targets. BEA interprets this linear anomaly as either a zone of
potential bedrock fracturing that is highly porous and unsaturated or as an area of thinner overburden
consistent with a shallow buried bedrock ridge. The orientation of the anomaly is consistent with the
mapped strike of the Hardyston Formation south of the alleged drum disposal area.

EPIC Pit Area

The results of the EM geophysical survey of the EPIC pit area are shown in Figures 3-15 and 3-16. Both
the quadrature and inphase maps are dominated by anomalous, high-amplitude responses within an area
approximately 60 to 80 feet wide by 270 feet long. The negative inphase responses are a typical
response to either buried ferrous or non-ferrous metal and strongly supported the interpretation of
significant amounts of buried metal at this location. The subsequent removal action conducted during the
summer of 1998 confirmed the presence of subsurface metal in this area and resulted in the excavation
and removal of approximately 1,200 buried drums. Ground conductivity values surrounding this anomaly
appear to be consistent with undisturbed areas.
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3.5.2 Borehole Litholoqy and Structure

The subsurface lithology and structure throughout the study area are described in this section through the
discussion of the specific results at each monitoring well or well cluster location. For completeness, the
information obtained during the previous site investigation (Weston, 1988) is also discussed because
these data are important to the full understanding of the local geology and its influence on groundwater
flow and the occurrence and migration of the groundwater contaminant plume. The conceptual site
geologic model for the entire study area will be discussed and will be constructed through the integration
of these location-specific data with the general geology of the area that was discussed in Section 3.4.

The subsurface lithology was determined by examining and describing the rock fragments brought to the
surface as drill cuttings during the drilling of the boreholes and by interpreting the borehole geophysical
logs that were generated after the completion of the boreholes. In general, the subsurface conditions
were very similar to those predicted by the site geologic maps (Figure 3-4 and 3-5).

Location HN-9

Monitoring well cluster HN-9 was installed upgradient of the known and suspected waste disposal areas
to determine the background quality of the groundwater. This cluster was installed just south of the crest
of the Trash Dump Ridge. The boring log from the deep borehole (HN-9D) indicates that the overburden
at this location is about 35 feet thick and consists of about 10 feet of sandy clay and clayey sand
underlain by 25 feet of weathered hornblende gneiss saprolite. The bedrock encountered from 35 feet to
the total borehole depth of 361.5 feet consisted of a hard, dark greenish-gray to black hornblende gneiss.
The bedrock was very tight and fractures were rare to a subsurface depth of about 140 feet and very rare
below this depth. Very little groundwater was encountered in any of the boreholes at this location.
Borehole HN-9D (open bedrock interval from 150 feet to 301.5 feet) did not encounter any measurable
groundwater, and a monitoring well could not be installed in this borehole.

Location MW-2.1

Monitoring well location MW-2.1 consists only of a single overburden well that was installed by ERT to a
depth of 62 feet within weathered gneiss. This well was installed to obtain background water-quality data
in the overburden.
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Location MW-2

Monitoring well cluster MW-2 was installed by ERT west of well location HN-9 and along the Trash Dump
Ridge. The wells were reportedly installed (Weston, 1988) to monitor the upgradient or background water
conditions. However, although they are upgradient of the borrow pit and drum pit area, they are directly
down the hill and probably downgradient from portions of the dump. The boring log from the deep
borehole (MW-2DR) indicates that the overburden at this location is approximately 50 feet (or less) thick
and consists of 17 feet of sandy clay underlain by about 33 feet (or less) of weathered hornblende gneiss
saprolite. The bedrock encountered from 50 feet to the total borehole depth of 305 feet was very similar
to the lithology reported at location HN-9 and consisted primarily of a dark gray to black hornblende
gneiss. The geophysical logs indicated that fractures were present but not common. The borehole yields
were relatively low and decreased with depth. The total yield of MW-2DR (open bedrock interval from 50
feet to 305 feet) is significantly less than 1 gpm.

Location HN-18

Monitoring well cluster HN-18 was installed west of and downgradient from the EPIC pit area and just
east of, and upgradient from, Spring No. 101. This cluster location was not in the original work plan but
was added after the discovery of the buried drum pit and the detection of contaminated groundwater at
the spring. The boring log from the deep borehole (HN-18V) indicates that the overburden at this location
is about 15 feet thick and consists of silty to sandy clay with gneiss fragments underlain by 5 feet of
weathered hornblende gneiss saprolite. The overburden was damp to moist; this moisture most likely
represents a perched water zone because no groundwater was detected within the underlying shallow
bedrock. The bedrock encountered from 15 feet to the total borehole depth of 502 feet predominantly
consisted of a greenish-gray to dark gray hornblende gneiss with frequent intervals of felsic granite
gneiss. Overall, the bedrock was tight and unfractured and the borehole yields were very low. Unlike
most other drilling locations, the higher-yielding zones at this location were encountered at greater
depths. During drilling, measurable volumes of groundwater were only encountered below subsurface
depths of about 250 feet, with the highest yielding fracture (5 gpm) encountered at a depth of 250 feet.

Location HN-10

Monitoring well cluster HN-10 was installed north of and downslope from the quarry. The boring log from
the deep borehole (HN-10D) indicates that the overburden at this location is about 55 feet thick and
consists of approximately 15 feet of poorly sorted colluvial fill (sand, silt, clay, and quartzite rock
fragments) underlain by 40 feet of weathered gneiss saprolite. The weathered bedrock was highly
fractured and had a total borehole yield of approximately 2 gpm. The bedrock from a depth of 55 feet to
the total borehole depth of 302 feet consisted of relatively equal volumes of hornblende gneiss and
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granite gneiss that occurred in lithologically distinct and alternating bands or layers. Potassium feldspar
was fairly common in the granite gneiss. Bedrock fractures were fairly common at this location to a
subsurface depth of about 120 feet (with borehole yields of 20 gpm) and relatively rare below this depth
(with borehole yields of 10 gpm).

Locations MW-1.1 and MW-1.2

Monitoring well locations MW-1.1 and MW-1.2 were installed by ERT approximately 300 feet north and
northeast of the quarry, respectively. These shallow wells were installed in the weathered gneiss
saprolite.

Location HN-11

Monitoring well cluster HN-11 was installed west of and downgradient from the quarry within the quartzite
structural graben. The boring log from the deep borehole (HN-11D) indicates that the overburden at this
location is about 75 feet thick and consists of approximately 34 feet of colluvium and weathered quartzite
sand residuum underlain by 41 feet of weathered quartzite saprolite with some interbedded clays or
shales. The bedrock from 75 feet to the total borehole depth of 301 feet consisted of both quartzite and
gneiss. From 75 feet to 220 feet, the bedrock consisted of a tough, light gray to pink, very fine-grained to
microcrystalline quartzite. At a depth of 220 feet and to the total depth of the borehole, the lithology
abruptly changed to greenish-gray to black hornblende gneiss with minor amounts of granite gneiss.
Although the lithologic change could represent a simple nonconformity, the current geologic interpretation
suggests that the change from quartzite to gneiss represents the point at which the borehole crossed one
of the normal faults forming the graben. The quartzite bedrock was highly fractured and yielded
approximately 10 gpm. Fractures were rare below the fault and within the gneiss, although measurable
volumes of groundwater were obtained from the two fractures that were encountered.

Location MW-3

Monitoring well cluster MW-3 was installed by ERT approximately 700 feet west of the quarry, at the base
of the steep slope along Forgedale Road. The deep borehole at this location (3-DOB) was drilled to a
depth of 72 feet without encountering competent bedrock and was completed in a clayey gneissic
saprolite. Well purging data obtained during the current investigation indicate that the yields of both wells
at this location are much less than 1 gpm because both wells can easily be bailed dry.
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Location MW-4

Monitoring well cluster MW-4 was installed by ERT in the Dale Valley, approximately 1,200 feet west of
the quarry and near the western limit of the fault trace forming the northern border of the Hardyston
structural graben, as mapped by Buckwalter (1959). The boring log from the deep borehole (MW-4R)
indicates that the overburden section at this location is very thick, because approximately 200 feet of clay
was penetrated before Hardyston Quartzite was encountered. Four feet of Leithsville carbonate was
reported at the bottom of the borehole from a depth of 236 feet to the total borehole depth of 240 feet.
Although the clay was interpreted in the ERT report to be weathered quartzite, it is unlikely that the
quartzite would weather into the thick clay reported in the boring, and it is more likely that the clay
represents either weathered carbonate residuum (indicating the graben does not extend as far to the west
as mapped by Buckwalter) or cotluviai deposits from the adjacent Blackhead Hill, or both. Well purging
data obtained during the current investigation indicate that the bedrock yield is relatively high, because
less than 1 foot of drawdown was obtained at a pumping rate of nearly 6 gpm.

Location MW-5

Monitoring well cluster MW-5 was installed by ERT in the Dale Valley, approximately 1,300 feet west of
the quarry and near the western limit of the fault trace forming the southern border of the Hardyston
structural graben, as mapped by Buckwalter (1959). Similar to cluster location MW-4, the boring log from
the deep borehole (MW-5R) indicates that the overburden section at this location is very thick because
approximately 180 feet of clay was penetrated before the Hardyston Quartzite was encountered. The
borehole lithology remained Hardyston Quartzite below a depth of 180 feet and to the total depth of 302
feet, except for a 15-foot section of Leithsville carbonate that was reported from a depth of 225 feet to 240
feet. Well purging data obtained during the current investigation indicate that both the overburden and
bedrock yields at this location are very low. The overburden wells can be bailed dry, and the bedrock welt
experienced over 200 feet of drawdown at a pumping rate of about 4 gpm.

Location HN-12

Monitoring well cluster HN-12 was installed immediately south of the crest of Blackhead Hill, within a band
of gneiss that separates the main outcrop of Hardyston Quartzite from the quartzite exposed in the
structural graben. The boring log from the deep borehole (HN-12D) indicates that the overburden at this
location is about 49 feet thick and consists of about 20 feet of sandy silt and sandy clay underlain by 29
feet of weathered gneiss saprolite. During drilling, the overburden was damp but did not yield
measurable volumes of groundwater. The bedrock from a depth of 49 feet to the total borehole depth of
305 feet consisted of approximately equal volumes of hornblende gneiss and granite gneiss that occurred
in lithologically distinct and alternating bands or layers. Bedrock fractures were fairly common at this
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location to a subsurface depth of approximately 140 feet, with a total yield (borehole HN-121) to that depth
of about 7 gpm. Bedrock fractures were very rare from 150 feet to 305 feet but were productive when
encountered. Two fractures at the bottom of borehole HN-12D (at depths of about 280 and 295 feet)
produced a total of 6 gpm.

Location HN-22

Monitoring well cluster HN-22 was installed east of the crest of Blackhead Hill and between the EPIC pit
area and the borrow pit area. This cluster location was not part of the original work plan but was added
after the discovery of the buried drum pit to help isolate and assess the individual contributions of the
drum pit and the borrow pit to the overall plume of contaminated groundwater. The boring log from the
deeper borehole (HN-22I) indicates that the overburden at this location is about 50 feet thick and consists
of approximately 5 feet of silty clay underlain by 45 feet of very weathered gneiss saprolite. During
drilling, the overburden was damp to wet but did not yield a measurable volume of groundwater. The
bedrock encountered from a depth of 50 feet to the total borehole depth of 152 feet consisted of relatively
equal volumes of hornblende gneiss and granite gneiss that occurred in lithologically distinct and
alternating bands or layers. Bedrock fractures were common at this location, and the total yield of the
borehole was approximately 20 gpm.

Location HN-1

Monitoring well cluster HN-1 (originally ERT cluster MW-1) was installed southeast of the borrow pit area
and along the trace of the northwest-southeast-trending fault that runs through the borrow pit area and
toward the Dale Valley. The boring log from the deep borehole (HN-1D) indicates that the overburden
thickness at this location is about 160 feet, which is significantly thicker than the overburden sections
encountered elsewhere in the vicinity of Blackhead Hill. The increased overburden thickness may be
caused by higher rates of mechanical and chemical weathering along the fault due to the more highly
fractured rock and the consequent higher rates of groundwater flow through this area. When the fault
was penetrated at a subsurface depth of 49 feet, the overburden lithology abruptly changed from a sticky
and gummy, highly weathered gneissic saprolite above to a sandy and clayey weathered quartzite below.
The overburden (especially the weathered quartzite saprolite) yielded significant volumes of groundwater;
the total borehole yield was greater than 25 gpm at the point competent bedrock was encountered at 160
feet. The bedrock from a subsurface depth of 160 feet to the total borehole depth of 263.5 feet consisted
of a brown to gray quartzite with some interbedded phyllite. Fractures were rare within the bedrock.
Three fractures were encountered between 160 feet and 263.5 feet, and the total borehole yield was
approximately 3 gpm.
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Location HN-19. HN-20, and HN-23

Monitoring well and well clusters HN-19, HN-20, and HN-23 were installed approximately halfway
between the borrow pit area and cluster location HN-1 and were configured in a line oriented
perpendicular to the trace of the fault trending northwest-southeast through the borrow pit. These wells
were installed to search for the potential presence of DNAPL near the borrow pit (as suggested by the
chemical concentrations at HN-1) and to investigate whether the fault (or another structure) was
functioning as a preferential pathway for the highly contaminated groundwater detected in this area.

Monitoring well cluster HN-20 was installed directly on the fault trace, as interpreted by Buckwalter (1959)
and as inferred from the local surface topography. The boring log from the deeper borehole (HN-20I)
indicates that the overburden thickness at this location is about 126 feet, with slightly more competent but
still highly weathered bedrock saprolite occurring from a subsurface depth of 53 feet to 126 feet. The
overburden to a depth of 53 feet consisted chiefly of a clayey sand to sandy clay, below which the
dominant lithology changed to a highly weathered, granite gneiss saprolite. It is not possible to tell at
what depth (or if) the fault was penetrated because, as is evident from the geologic map, similar
lithologies (gneiss or weathered gneiss) were encountered on either side of the fault. The overburden did
not yield significant volumes of groundwater; little to no flowing water was produced during the drilling of
the borehole through the overburden. The bedrock encountered from a depth of 126 feet to the total
borehole depth of 195 feet consisted of relatively equal volumes of hornblende gneiss and granite gneiss
that occurred in lithologically distinct and alternating bands or layers. Fractures were rare within the
bedrock but were prolific when encountered. The two fractures noted in the bedrock between 126 feet
and 195 feet had a total groundwater yield of approximately 15gpm.

Monitoring well HN-19 was installed east of cluster HN-20 and east of the mapped fault trace. The boring
log indicates that the overburden thickness at this location is 99 feet, with slightly more competent but still
highly weathered bedrock saprolite occurring from a subsurface depth of 70 feet to 99 feet. The
overburden to a depth of 70 feet consisted chiefly of a clayey sand to sandy clay, below which the
dominant lithology changed to a highly weathered, granite gneiss saprolite. The overburden did not yield
significant volumes of groundwater; little to no flowing water was produced during the drilling of the
borehole through the overburden. The bedrock encountered from a depth of 99 feet to the total borehole
depth of 172 feet consisted of relatively equal volumes of hornblende gneiss and granite gneiss that
occurred in lithologically distinct and alternating bands or layers. Fractures were relatively common within
the bedrock to a depth of about 120 feet and relatively rare below this depth. The total yield of the
bedrock was approximately 20 gpm.

Monitoring well HN-23 was installed east of HN-19, east of the mapped fault trace, and within a very
subtle surface low or depression that trends southeastward from the borrow pit toward the HN-1 area.
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The boring log indicates that the overburden thickness at this location is 129 feet, with more competent
but still weathered bedrock saprolite occurring from a subsurface depth of 74 feet to 129 feet. The
overburden to a depth of 74 feet consisted chiefly of hard, foliated clays and sandy clays, below which the
dominant lithology changed to a weathered hornblende and granite gneiss saprolite. The total yield of the
overburden was about 12 gpm, and most of this water came from the less weathered rock below a depth
of 90 feet. Only 3 feet of harder, competent bedrock was drilled in this borehole (to a total depth of 132
feet) because of the high PID readings detected in the borehole discharge groundwater. The bedrock did
not contribute any noticeable groundwater to the total yield of the borehole.

Location HN-15

Monitoring well cluster HN-15 was installed southeast of the HN-1 location and along an interpreted VLF
geophysical anomaly number (see Section 3.5.1.2). The boring log from the deep borehole (HN-15D)
indicates that the overburden thickness at this location is about 78 feet thick, with more competent, but
weathered bedrock saprolite occurring from a subsurface depth of 18 feet to 78 feet. The overburden to a
depth of 18 feet consisted of a sandy clay to clayey sand with quartzite cobbles. From 18 feet to 78 feet,
the overburden consisted of a weathered quartzite saprolite with some interbedded shale or phyllite. The
overburden did not yield any measurable groundwater during the drilling of the borehole, although the
shallow well ultimately installed within the overburden at this location yields approximately 1.5 gpm.

The bedrock from a depth of 78 feet to 185 feet consisted of a vitreous, light-gray to white quartzite with
some interbedded shale or phyllite. At 185 feet, the lithology abruptly changed to a 5-foot-thick zone of
silvery, foliated chloritic phyllite or schist underlain by a 5-foot-thick section of very weathered, sandy and
argillaceous, unconsolidated to semiconsolidated rock. Below this, from 195 feet to the total borehole
depth of 302 feet, the bedrock predominantly consisted of hornblende gneiss. The lithology and structure
of this nonconformable contact between the Hardyston Formation and the crystalline rocks correlate well
with the regional description of the contact reported in the literature (MacLachlan, 1979). The contact
zone may either be a metamorphosed soil that was developed on the gneiss or a shear zone resulting
from the structural deformation of the gneiss. Bedrock fractures were very rare within the Hardyston
quartzite and the gneiss at this location. The yields of both the intermediate well (completed across the
noncomformable contact) and the deep well (completed within the gneiss) are much less than 1 gpm.

Location HN-6

Monitoring well cluster HN-6 (originally ERT cluster MW-6) was installed approximately 2,400 feet
southeast of the crest of Blackhead Hill, near the mapped contact of the Hardyston quartzite and the
Leithsville dolomite, and along the unmapped extension of the mapped fault trace that trends northwest-
southeast through the borrow pit and through monitoring well cluster locations HN-20 and HN-1
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(Buckwalter, 1959). The boring log from the deep borehole (HN-6D) indicates that the overburden
thickness at this location is about 138 feet, with slightly more competent but highly weathered bedrock
saprolite occurring from a subsurface depth of 72 feet to 138 feet. The overburden to a depth of 72 feet
consisted of a thick colluvial wedge containing abundant quartzite fragments grading downward to a
dominantly silty clay. The weathered bedrock principally consisted of a highly fractured, finely crystalline
dolomitic saprolite with interbedded shales. The overburden (especially the weathered dolomite) yielded
large volumes of groundwater; the total borehole yield of the overburden was an estimated 150 gpm. The
bedrock encountered from a subsurface depth of 138 feet to the total borehole depth of 189 feet
consisted of a highly fractured, finely crystalline dolomite with interbedded shales. The bedrock was
fractured to such a degree that the borehole became too unstable to advance to the planned depth of 500
feet. The borehole yield was estimated to be 50 gpm.

Location HN-7

Monitoring well cluster HN-7 (originally ERT cluster MW-7) was installed in the Dale Valley approximately
2,400 feet south of the crest of Blackhead Hill, near the mapped contact of the Hardyston quartzite and
the Leithsville dolomite. The boring log from the deep borehole (HN-7D) indicates that the overburden is
about 41 feet thick at this location and primarily consists of clay and weathered dolomite fragments. The
overburden was damp during borehole drilling but did not produce a measurable volume of groundwater,
which is consistent with the observation that the overburden well previously installed at this location can
be bailed dry. The bedrock from a depth of 41 feet to the total depth of 302 feet consisted of a fine-
grained, dark gray massive dolomite with some interbedded shale. Fractures were common to a depth of
about 240 feet but rare below; many of the fractures were filled with quartz or calcite. The total
groundwater yield of the bedrock was estimated to be greater than 50 gpm.

Location HN-13

Monitoring well cluster HN-13 was installed approximately 3,100 feet southwest of the crest of Blackhead
Hill, near a cluster of fracture traces mapped along the banks of Perkiomen Creek in the north-central
portion of the Dale valley (EPA, 1992). The boring log from the deep borehole (HN-13D) indicates that
the overburden at this location is very thin (approximately 12 feet thick) and consists primarily of silt, clay,
sand, and weathered dolomite fragments. The overburden was observed to be damp to wet during
borehole drilling, but no measurable groundwater was produced. The bedrock encountered from a
subsurface depth of 13 feet to the total borehole depth of 378 feet consisted of a light to dark gray,
massive to platey and argillaceous dolomite. Although numerous fracture traces were mapped near this
location, the drilling program revealed that the bedrock was very tight. Bedrock fractures were rare to a
depth of about 100 feet (total yield of about 5 gpm to that depth) and very rare below 100 feet. The deep
borehole was drilled out of surface casing at a depth of 149 feet to a depth of 362 feet without
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encountering any measurable groundwater. A single, prolific fracture, with an estimated yield of greater
than 15 gpm, was penetrated at 362 feet.

Location HN-8

Monitoring well cluster HN-8 (originally ERT location MW-8) was installed about 3,900 feet south of the
crest of Blackhead Hill, in the central portion of the Dale Valley. The boring log from the deep borehole
(MW-8R) indicates that the overburden at this location is about 40 feet thick and consists of a brown to
orange clay with weathered dolomite fragments. A monitoring well subsequently installed in the
overburden yields more than 2 gpm. The bedrock from a depth of 40 feet to the total borehole depth of
125 feet consists of a tan to gray dolomite. Bedrock fractures were common throughout the borehole and
yielded large volumes of groundwater. Well purging data obtained during the current investigation
indicate drawdown of less than 1 foot within the well at a pumping rate of 5 gpm.

Location HN-14

Monitoring well cluster HN-14 was installed about 5,000 feet southwest of the crest of Blackhead Hill, in
the southwestern portion of the Dale Valley near the contact between the Leithsville dolomite and the
Hardyston quartzite. The overburden thickness here was much greater than anticipated, given the
relatively high elevation of this dolomite subcrop location above the valley floor. The boring log from the
deep borehole (HN-14D) at this location indicates that the overburden is approximately 215 feet thick,
with slightly more competent but highly fractured and weathered bedrock saprolite occurring from a depth
of about 84 feet to 215 feet. The overburden to a depth of 84 feet predominantly consisted of a sandy
clay. The weathered bedrock saprolite consisted of a light to dark gray shale and phyllite. The total
overburden section has a high permeability and is capable of yielding large quantities of groundwater.
The overburden yield could not be estimated during drilling because of the drilling technique (mud rotary),
but the intermediate monitoring well subsequently installed in the weathered bedrock yields at least 2
gpm with essentially no measurable drawdown. The bedrock encountered from a subsurface depth of
215 feet to the total borehole depth of 377 feet consisted of a massive, finely crystalline argillaceous
dolomite. Bedrock fractures were abundant and yielded a total of approximately 12 gpm.

Location HN-16

Monitoring well cluster HN-16 was installed about 6,800 feet south of the crest of Blackhead Hill, along
Perkiomen Creek in the southern portion of the Dale Valley. The boring log from the deep borehole (HN-
16D) indicates that the overburden at this location has a diverse provenance and is about 172 feet thick.
The upper 4 feet of overburden consisted of clayey silt with pebbles and cobbles of probable alluvial
origin. The overburden from a subsurface depth of 4 feet to about 63 feet was of probable colluvial origin
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and predominantly consisted of a sandy clay with varying quantities of quartzite, gneiss, and dolomite
rock fragments. The overburden from a subsurface depth of 63 feet to about 118 feet consisted of an
orange-brown sandy clay residuum formed by the chemical weathering of the dolomite. Slightly more
competent but highly weathered bedrock saprolite occurred from a subsurface depth of 118 feet to 172
feet. The overburden yield could not be estimated during drilling because of the drilling technique (mud
rotary), but the overburden well subsequently installed in the weathered bedrock saprolite yields at least 2
gpm with about 5 feet of drawdown. The bedrock encountered from a subsurface depth of 172 feet to the
total borehole depth of 250 feet consisted of a massive to thinly bedded, finely crystalline dolomite.
Bedrock fractures were very abundant and very productive (the borehole could not be geophysically
logged due to its instability). The estimated yield of the bedrock was approximately 200 gpm.

Location HN-17

Monitoring well cluster HN-17 was installed about 11,200 feet south of the crest of Blackhead Hill, along
Perkiomen Creek, and represents the farthest downgradient monitoring well cluster. The boring logs from
the deep boreholes (HN-17D and HN-17V) indicate that the overburden thickness at this location is about
37 feet thick and consists of about 7 feet of colluvial gneiss fragments and boulders underlain by 30 feet
of weathered granite gneiss saprolite. The shallow well (HN-17S) completed in the overburden yields at
least 2.5 gpm. The bedrock from a depth of 37 feet to the total borehole depth of 486 feet consisted of a
predominantly granitic banded or layered gneiss that contained varying amounts of hornblende or mafic
minerals. Two intervals of greenish-gray phyllite were penetrated at subsurface depths of approximately
90 feet and 110 feet and were geophysically characterized by gamma-log spiking. It is hypothesized that
these intervals may represent a fault zone(s) because phyllites are not typically reported or encountered
within the Byram Intrusive Suite. Bedrock fractures were very rare at this location. The total yield of HN-
17V (335 feet of open-bed rock prior to retrofitting) was less than 1 gpm.

Overburden

The discussions of the borehole lithology reveal that the thickness of the overburden is highly variable
within the study area. As discussed, the overburden thickness at any particular location can be
influenced by many factors, including the composition of the underlying bedrock, the chemistry of the
groundwater, the degree of bedrock fracturing, the proximity to major structures such as faults, and the
proximity to steep slopes.

A review of the borehole lithologies at each drilling location reveals several discernible trends regarding
the occurrence and thickness of the overburden. These trends and their relevance to the present
hydrogeologic investigation include the following:
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The overburden thickness over most of the highlands (Blackhead Hill) averages about 50 feet
and is fairly consistent. Two notable exceptions occur at HN-18, where the overburden is
much thinner, and in the area of HN-01, -19, -20, and -23, where the overburden is
significantly thicker. At HN-18, the shallow bedrock was not significantly fractured, and the
thinness of the overburden appears to reflect the competency of the underlying bedrock. At
HN-01, -19, -20, and -23, the drilling locations are either along a fault trace or in close
proximity to the trace. The thick overburden developed at these locations is hypothesized to
reflect the structural control exerted by the fault, as the tectonic stresses have increased the
degree of bedrock fracturing, which has enhanced the physical and chemical weathering of
the bedrock at these locations and led to the development of the thicker saprolitic zones.

The overburden within the Dale Valley is thickest at its borders near the contact with the
surrounding crystalline or quartzite bedrock and is thinnest in the center of the valley. The
thickness of the overburden at the borders of the valley is hypothesized to result from a
combination of two factors:

- A thick colluvial wedge has been deposited along the sharp break in topographic slope
that occurs along the boundary of the valley and the adjacent highlands. For example,
the colluvium at HN-6 is approximately 72 feet thick and the colluvium at HN-16 is about
63 feet thick. The thickness of the colluvium at MW-4 and MW-5 may be greater than
100 feet (given the well's locations immediately adjacent to the slope break), but the
actual thickness of the colluvium versus the other overburden materials could not be
ascertained from the ERT boring logs.

- A thick saprolitic dolomite is developed adjacent to the bordering highlands because of
the enhanced chemical weathering that is caused by acidic groundwater migrating from
the highlands into the valley. The historical sampling of numerous monitoring wells and
residential wells and springs throughout the study area indicates that naturally acidic
conditions (pH often ranging from 5 to 6) are common for the groundwater occurring in
the highlands within the crystalline rocks and quartzite. The acidic groundwater reacts
with the carbonates within the valley, leading to increased rates of chemical weathering
and the development of the thick saprolite zone (for example, at HN-14 and HN-16). This
chemical reaction buffers the groundwater (raises the pH to near 7 or above) and greatly
reduces the amount of chemical weathering as the buffered groundwater migrates away
from the highlands and toward Perkiomen Creek, leading to a much thinner saprolite
horizon in the center of the valley (for example, at HN-13 and HN-7).
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3.5.4 Summary - Geological Site Model

The location-specific geologic information obtained from the surface geophysics program, the drilling and
geophysical logging of the monitoring well boreholes, and a geological reconnaissance of the study area
provide sufficient information to formulate general observations and conclusions regarding the site
geology. The interrelationships among lithology, structure, and the primary contaminant transport
pathways (weathered bedrock and bedrock fractures), while following general trends, are difficult or
impossible to accurately predict at any particular location without previous geologic data. The following
general observations and trends regarding the site geology were noted:

• The site lies within a geologically complex area where the structural and stratigraphic
relationships are not always readily apparent. The contacts between the various rock types
may represent normal faults (e.g., HN-1), thrust faults (e.g., HN-11 or HN-15), or
nonconformities (e.g., HN-15) or a combination of any or all of these contact types, even
within a single borehole.

• The hypothesis that the carbonate rocks of the Dale Valley underlie the crystalline rocks of
the bordering highlands could not be proven. The subsurface data obtained during this
investigation indicate that the carbonates either do not underlie the crystalline rocks or, if they
do, it is at subsurface depths much greater than the present elevation of the Dale Valley floor.
Two deep boreholes drilled into the crystalline rocks near their border with the carbonates (at
HN-17 and HN-18) were drilled to subsurface depths (502 feet and 486 feet, respectively)
that were significantly deeper than the surface elevations of the carbonates within the
adjacent Dale Valley, yet no carbonate rocks were penetrated in either well.

• The dolomite is the most highly fractured bedrock, followed (in descending order) by the
quartzite, the granite gneiss, and the hornblende gneiss. This distribution of relative fracture
abundance versus lithology was generally consistent with the trends predicted by the regional
geology. Deviations from this trend were relatively common, however, because of various
factors, including the structural influences of the local tectonics. For example, a granite
gneiss located near a fault or major fracture (for example, well location HN-19) could be more
highly fractured than a dolomite not located near a major structure or removed from the
immediate influences of chemical weathering (for example, well location HN-13) even though,
overall, the dolomites were more highly fractured than the gneisses.

• The degree of bedrock fracturing generally did not correlate with the proximity of a borehole
location to observed or inferred tectonic stresses such as faults and fracture traces. Both
highly fractured and very tight (unfractured) boreholes were drilled at locations that the
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surface geophysics or borehole data indicated were technically favorable for fracture
development. For example, well cluster HN-10 was drilled at a location where the surface
geophysics (VLF survey) predicted the existence of a bedrock fracture zone and the drilling
program subsequently revealed that bedrock fractures were common at this location.
However, well cluster HN-15 was also drilled at a location where the VLF survey predicted
the existence of a bedrock fracture zone and the drilling program subsequently revealed that
a major uncomformity (possibly a thrust fault) was crossed. Despite these indications of
tectonic stress, the bedrock at this location was very tight and yielded little groundwater.
Conversely, both highly fractured and very tight boreholes were drilled at locations that were
selected for reasons other than the belief that the existing geologic data indicated that a
highly fractured bedrock was likely. For example, the VLF survey did not identify any
geophysical anomalies in the vicinity of well cluster HN-11, yet the drilling program
subsequently revealed that bedrock fractures (and probably faults) were common at this
location.

• The degree of fracturing within the bedrock (at the locations where bedrock fractures exist)
generally is greatest at the shallower depths and decreases with increasing depth (as would
be expected by the regional geology), although deviations from this trend were also not
uncommon in this geologically complex area. Similar to the geographic variations in fracture
distribution, the distribution of bedrock fractures with depth at any particular location
appeared to be influenced by many factors, including lithology and geologic structure. In
general, the fractures within the hornblende gneiss were most common above a depth of
about 150 feet and very rare below that depth, fractures within the quartzite were common to
depths as great as 220 feet (at HN-11), and fractures within the dolomite were so abundant to
depths of at least 250 feet that several deep boreholes (HN-6 and HN-16) could not be drilled
to their planned total depth. Notable exceptions to this trend included well location HN-18,
where very tight and unfractured gneiss was drilled to a depth of 250 feet before water-
bearing fractures were encountered, and HN-13, where very tight and dry dolomite was
drilled to a depth of 362 feet before a prolific water-bearing fracture was encountered.

More detailed observations and conclusions concerning the site-specific geology in the vicinity of the
source areas (and near the head of the groundwater contaminant plume) could be made due to the
greater volume and density of geologic information obtained within the Crossley Farm proper. These
conclusions are important because the geology is the dominant control on the nature of groundwater flow
(to be discussed in Section 4.0), so an understanding of the site-specific geology leads to an increased
understanding of the fate and transport mechanisms of the site contaminants and, ultimately, to the
evaluation of remedial alternatives. The following pertinent site-specific observations and conclusions
were made regarding the geology of the Crossley Farm proper.
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• The northwest-southeast-trending fault through the borrow pit area mapped by Buckwalter
(1959) is a major structural feature. The overburden (soil and saprolite) is about 100 to 160
feet thick within the fault zone and in close proximity to the fault, which is considerably thicker
than the overburden sections encountered elsewhere on Blackhead Hill. The southeastern
extent of the fault is uncertain, although some evidence (including the general alignment of
Spring No. 177 and Spring No. 178 along the fault trace and the apparent marked
juxtaposition of lithologies at HN-6) suggests that the fault may extend as far southeast as
Dairy Lane.

• The bedrock underlying the farm in the area generally north of the quarry and west of the
main farm road (which generally includes the alleged drum disposal area and the area west
of the EPIC pit area) consists primarily of the hornblende-enriched gneiss. The surface
geophysical (EM-31) data suggested that this area was underlain by a shallow, buried
bedrock ridge, and this hypothesis was confirmed by the borehole drilling at HN-18, where
bedrock was encountered at the relatively shallow depth of 15 feet, and the bedrock overall
was very tight and poorly fractured. These data refuted the project's preliminary working
hypothesis that this topographic saddle or ravine was likely underlain by highly fractured and
permeable bedrock.

• Monitoring well cluster HN-10 is located within a zone of highly fractured gneiss that borders
and lies immediately south of the poorly fractured hornblende gneiss discussed above. It is
unknown whether the higher degree of bedrock fracturing at this location is due to the
increase in granite gneiss relative to hornblende gneiss, the proximity of the drilling location
to the mapped (Buckwalter, 1959) east-west-trending fault that forms the northern border of
the Hardyston structural graben, or some other unknown geological factor. The surface
geophysical (VLF) data strongly indicated a fairly wide or dipping zone of bedrock fractures in
this area, although there was a high degree of uncertainty regarding the orientation of the
fracture zone (BEA, 1997). BEA tentatively suggested that the fracture zone may have a
north-south orientation, although the data were ambiguous enough to conclude that an east-
west orientation of the fracture zone was also possible. Subsequent borehole drilling at HN-
18 (immediately north of HN-10), which encountered very poorly fractured rock at that
location, would suggest that the fracture zone at HN-10 may actually be oriented more in an
east-west direction or parallel to the mapped graben fault.

• The Trash Dump Ridge is underlain by very tight and poorly fractured hornblende gneiss. A
total of five bedrock boreholes were drilled into this ridge to subsurface depths as great as
361.5 feet, and significant water-bearing fractures were very rare.
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3.6 HYDROGEOLOGY

3.6.1 Regional Setting

The Reading Prong lies within the Piedmont and Blue Ridge Groundwater Region (GSA, 1988).
Groundwater flow in this region generally occurs within a complex, two-component groundwater system.
The upper flow system consists of the soil and saprolite, where groundwater flows within the granular
weathered soil material and the relict structure (such as fractures and cleavage planes) of the weathered
bedrock. The lower flow system consists of the fractured bedrock where groundwater flow is restricted to
the secondary openings (fractures, cleavage planes) within the bedrock. The physical properties of the
soil and saprolite (e.g., thickness, porosity, permeability) and the degree of fracturing within the bedrock
are the dominant factors controlling the occurrence of groundwater.

The fractured bedrock within the region typically grades downward into unfractured (tight) bedrock as the
fractures close with depth, and there is little groundwater circulation or storage below the depth of the
open bedrock fractures. The transition to unfractured bedrock generally occurs at a subsurface depth of
about 300 feet, but this depth locally can be highly variable due to lithological differences, local and
regional tectonic stresses, and weathering and erosional forces. Within the Reading Prong, the degree of
fracturing may increase substantially with depth in the areas where crystalline rocks (granites and
gneisses) have been structurally thrust over carbonate sedimentary rocks. Therefore, the base of the
groundwater flow system may be difficult to identify and map.

The water-bearing properties of the crystalline rocks of the Byram Intrusive Suite have been studied in
detail within the Reading Prong in the adjacent Lehigh County (Wood et a!., 1972). These rocks have no
primary porosity, and all the groundwater is stored in and transmitted through the shallow weathered zone
and in the fractures of the deeper, less-weathered rock. In general, the fractures tend to close sharply
with increasing subsurface depth. Water-bearing fractures are typically found to subsurface depths of
about 300 feet, although the vast majority of the groundwater is transmitted through fractures shallower
than 150 feet. In some cases (for example, in or near fault zones), significant amounts of groundwater
may be encountered below a depth of 150 feet.

Of the suite's mineralogical end-members, the granite gneiss yields significantly more groundwater than
the hornblende granite. Wood et al. (1972) state that these differences are not unexpected, because their
field observations indicate that the granite gneiss is more extensively fractured than the hornblende
granite. Groundwater supplies sufficient for domestic use can typically be obtained from wells drilled into
the granite gneiss. The reported median yield for public supply wells drilled into the granite gneiss in
Lehigh County was 50 gpm. In contrast, the hornblende granite is one of the lowest-yielding rocks in
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Lehigh County, where well yields of less than 1 gpm are common and many wells drilled into this rock do
not yield enough groundwater even for domestic use.

The Hardyston Formation has little to no remaining primary porosity due to diagenetic events.
Groundwater migrates through relatively narrow secondary openings, including vertical joints, bedding
planes, and faults. The secondary openings tend to close with increasing subsurface depth. The
Hardyston Formation consistently yields groundwater supplies sufficient for domestic use. The reported
median yield of the Hardyston in Lehigh County was 30 gpm (Wood et al., 1972).

The Leithsville Formation is extensively jointed and fractured and is typically highly weathered to
subsurface depths of 80 to 150 feet. Nearly all wells drilled into the Leithsville will yield groundwater
supplies sufficient for domestic use. Very high yields are possible; the median yield for industrial and
public supply wells in Lehigh County that tap the Leithsville Formation has been estimated at greater than
1,000 gpm. The lowest reported yields are from the shaly or argillaceous zones within the formation
(Woodetal., 1972).

The overburden forms a distinct hydrogeologic unit that covers the underlying bedrock throughout the
study area. The results of the drilling program indicate that significant volumes of groundwater migrate
through the overburden, especially within the saprolite. In addition, groundwater recharge to and
discharge from the underlying fractured bedrock aquifer must migrate through the overburden. Although
the overburden is not considered to directly be an important source of potable water within the study area,
the water turbidity problems commonly reported by some residents indicate that some wells are probably
completed (at least in part) within the saprolite.

Groundwater flow systems within the region are generally limited in area! extent, and the groundwater
flow paths typically are relatively short. The orientation of the water table is often a subdued replica of the
surface topography; the prevailing groundwater flow is from the upland areas to the lowland areas.
Ridges and hilltops typically are underlain by less fractured rocks of low permeability, and they tend to be
groundwater divides. Perennial streams that occur in the lowlands are usually underlain by more highly
fractured bedrock of relatively higher permeabilities and tend to function as discharge points for
groundwater (GSA, 1988).

3.6.2 Site Hydrogeology

3.6.2.1 General Conditions

The results of this investigation reveal that the groundwater within the study area occurs within a
complex, two-component hydrogeologic system. In this respect, the hydrogeological regime is similar to
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that predicted by the regional geology. The upper component (upper flow zone) of the groundwater flow
system consists of the soil and saprolite. The lower component (lower flow zone) of the groundwater flow
system consists of the less-fractured, fresh bedrock that occurs below the saprolite. As defined, the flow
zones each consist of different rock types of varying genesis that are grouped because of their similar
hydrogeological properties.

The upper flow zone consists of the soil and saprolite. Groundwater within the upper flow zone flows
within the granular weathered material and the relict structure (fractures, cleavage planes, bedding
planes) of the soil and saprolite. The physical properties of the saprolite (e.g., thickness, porosity,
permeability) are the dominant factors controlling the occurrence and migration of the groundwater within
this zone.

The lower flow zone consists of the less-fractured, fresh bedrock that occurs beneath the saprolite. The
transition from the lowermost saprolite to the uppermost fresh bedrock is transitional, and their
differentiation in the field may be subjective and at least partially dependent on the drilling method(s)
employed at any particular drilling location. The groundwater within the bedrock is encountered within
and is restricted to the secondary openings (discrete fractures) within the rock mass and, to a very limited
degree, to the intergranular openings of the relict soil or faulted shear zones encountered in several
boreholes (for example, HN-15D). The interconnected networks of fractures within the bedrock serve as
the primary groundwater migration pathways.

The bedrock fracture abundance and fracture density generally decreased with increased subsurface
depth at most locations (as would be predicted by the regional geology), although there were some
notable exceptions (see Section 3.5.4). There did not, however, appear to be any general correlations
between either the abundance of fractures within a particular borehole and the groundwater yield of that
borehole or between the subsurface depth of a fracture and fracture yield. That is, a single, deep fracture
within an otherwise very tight interval often yielded as much (or more) groundwater than a single fracture
or fracture cluster from a more highly fractured shallower interval (for example, HN-12).

Water-bearing fractures of varying yields were encountered at significant depths within the deepest
boreholes drilled at each monitoring location, with the exception of the boreholes drilled along the Trash
Dump Ridge (locations HN-9 and MW-2) and possibly within the quartzite at location MW-5. This
indicates that the base of the groundwater flow system has not been defined or identified and, therefore,
as will be discussed, the vertical nature and extent of the groundwater plume are not known.

3.6.2.2 Groundwater Flow Directions

Groundwater in the study area flows in response to the three-dimensional, subsurface distribution of
hydraulic head. The horizontal and vertical flow directions are variable and are controlled by topography,
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bedrock structure, and the locations of groundwater recharge and discharge points. In general, the
groundwater flows from the recharge areas in the topographic highs to the discharge areas in the
topographic lows.

A qualitative screening and analysis of the hydraulic head measured in each well indicated that the
elevation head, as measured by the subsurface depth (or topographic elevation) of the well screen was,
by far, the dominant variable controlling the total hydraulic head measured in each well. Therefore, the
wells were grouped by subsurface depth (into shallow, intermediate, and deep zones) for the construction
of the water-elevation contour maps. Although the resultant well combinations place wells from both the
upper and lower flow zones (for example, wells completed in saprolite and in bedrock) together on the
various maps, it is believed that these groupings result in the most accurate depictions of groundwater
flow due to the dominant influence of the elevation head. The observation that groundwater freely flows
between the upper and lower flow zones (as indicated by the nature and extent of the groundwater
contaminants) further substantiates the hypothesis that wells screened over similar topographic
elevations, but within different hydrogeologic materials, may be mapped together for the purpose of
determining groundwater flow directions.

The groundwater-elevation contour maps were constructed using a synoptic round of hydraulic head
elevations measured on July 1, 1999. The hydraulic head elevations for each well are listed in Table 3-1.
Contour maps were generated for each groundwater zone in the vicinity of Blackhead Hill and
immediately downgradient in the adjacent valley. These detailed maps were constructed in the vicinity of
the source areas and the most concentrated portions of the downgradient contaminant plume, where a
detailed understanding of the groundwater flow regime is critical.

Maps illustrating the groundwater flow patterns throughout the entire study area were not generated
because the well density was too low to make anything but the most generalized observations for the
lower part of the Dale Valley. Qualitatively, these data indicate that the downgradient groundwater flow
directions within all three zones mimic the surface topography, and that the groundwater from the site,
once it enters the Dale Valley, flows in a generally southern direction, parallel to the surface water flow
within Perkiomen Creek.

Horizontal Groundwater Flow

The groundwater-elevation contours for the shallow, intermediate, and deep groundwater zones are
illustrated in Figures 3-17 through 3-19. These maps indicate that the horizontal groundwater flow
patterns are similar at all elevations, and they reflect the dominant control that the surface topography has
on the horizontal groundwater flow patterns. The maps indicate that the groundwater flow patterns are
similar to those predicted by the surface topography. Groundwater flows from the higher elevations of the
Crossley Farm toward the lower elevations of the Dale Valley in a southward to westward direction, or
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TABLE 3-1
GROUNDWATER AND STREAM ELEVATIONS FOR JULY 1,1999

CROSSLEY FARM SITE

Well

MW-1OB
MW-1R
HN-01 D
HN-01 E
HN-01 F

MW-1.1 OB
MW-1.2OB
MW-20B
MW-2R
MW-2DR
MW-2.1 OB
MW-3OB
MW-3DOB
MW-4OB
MW-4R
MW-5OB
MW-5DOB
MW-5R
MW-6OB
MW-6R
HN-06D
MW-7OB
MW-7R
MW-7DR
HN-07D
HN-08S
MW-8R
HN-09S
HN-09I
HN-09D
HN-1 OS
HN-1 011
HN-1012
HN-10D
HN-11S
HN-1 11
HN-11D

Reference
Elevation
848.58
848.43
847.14
847.14
847.14
846.46
881.68
889.37
891.25
890.80
932.16
700.38
705.49
679.14
680.98
687.48
687.44
686.77
645.20
645.19
644.66
643.61
643.08
642.47
643.60
600.62
598.56
927.23
926.91
926.42
825.63
823.25
823.28
822.07
758.25
758.28
757.70

Static Water
Depth
33.40
38.86
38.16
51.10
53.01
41.99
dry
dry
32.87
30.94
48.88
21.07
40.27
8.92
64.85
29.51
61.78
47.06
33.33
55.25
54.47
52.19
53.20
52.73
51.81
20.65
16.28
40.53
41.62
56.30
26.04
23.33
19.50
20.87
38.26
42.91
53.56

Groundwater
Elevation
815.18
809.57
808.98
796.04
794.13
804.47
....
—

858.38
859.86
883.28
679.31
665.22
670.22
616.13
657.97
625.66
639.71
611.87
589.94
590.19
591 .42
589.88
589.74
591.79
579.97
582.28
886.70
885.29
870.12
799.59
799.92
803.78
801.20
719.99
715.37
704.14

Well

HN-11E
HN-11F
HN-11G
HN-11H
HN-11J
HN-12S
HN-121
HN-12D
HN-13S
HN-131
HN-1 3D
HN-14S
HN-141
HN-14D
HN-15S
HN-151
HN-15D
HN-16S
HN-161
HN-16D
HN-17S
HN-171
HN-17D
HN-17E
HN-17F
HN-18S
HN-181
HN-1BD
HN-18E
HN-18F
HN-19!
HN-20S
HN-20I
HN-22S
HN-22I
HN-23I

Reference
Elevation
757.70
757.70
757.70
757.70
757.70
884.55
884.48
884.11
613.20
612.60
612.02
660.12
659.88
660.35
844.87
843.04
841.67
571.38
571.61
572.34
507.07
506.98
507.19
507.19
507.19
849.14
849.48
851.11
851.11
851.11
876.59
875.36
875.35
896.83
896.78
875.84

Static Water
Depth
53.12
53.71
53.75
53.90
54.67
39.53
40.56
105.68
12.49
12.41
11.04
76.61
77.60
81.16
41.33
54.22
66.96
10.35
18.77
19.38
8.71
8.22
2.04
0.93
-24.78
30.57
80.39
82.80
92.33
87.65
25.98
29.08
26.21
30.60
31.45
13.52

Groundwater
Elevation
704.58
703.99
703.95
703.80
703.03
845.02
843.92
778.43
600.71
600.19
600.98
583.51
582.28
579.19
803.54
788.82
774.71
561 .03
552.84
552.96
498.36
498.76
505.15
506.26
531 .97
818.57
769.09
768.31
758.78
763.46
850.61
846.28
849.14
866.23
865.33
862.32

Stream Gauging Station
SG-01
SG-02
SG-03
SG-04

Reference Elevation
559.48
620.09
663.30
751.51

Depth to Stream
7.43
16.13
9.67
13.08

Steam Elevation
552.05
603.96
653.63
738.43
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within an approximately 90-degree arc. The following general observations concerning the groundwater
flow patterns are noted:

« The crest or ridge of Blackhead Hill is interpreted to be a local groundwater divide, with
groundwater locally flowing northwest and southeast away from the northeast-trending ridge.
Although the interpretation is based on limited data, the groundwater divide appears to extend to
the northeast through the borrow pit area and toward, but not reaching, the drum excavation pit.

• The topographic low or saddle between the Blackhead Hill Ridge (Borrow Pit Ridge) and the
Trash Dump Ridge is a local zone of groundwater convergence, with groundwater entering the
low from the north, south, and east before ultimately flowing westward down the steep
topographic slope and into the Dale Valley.

The groundwater within the Dale Valley flows in a generally southward direction down the valley, following
the surface topography and the surface water flow direction of the West Branch Perkiomen Creek.

The horizontal hydraulic gradients are much steeper on the top and along the flanks of Blackhead Hill
than they are in the valley, presumably due to the flatter surface topography within the valley and the
higher transmissivities of the carbonate bedrock underlying the valley floor.

An understanding of the horizontal groundwater flow patterns is critical to understanding the nature and
extent of the groundwater plume and the fate and transport mechanisms of the chemical species within
the plume. Some of the discussion points and conclusions regarding the interpreted groundwater flow
patterns that are relevant to the present investigation and to future potential remedial strategies include
the following:

• Groundwater originating at and flowing through the EPIC pit area (drum excavation pit) flows in a
generally westward direction, through the topographic saddle and into the Dale Valley. It does
not appear that any component of the groundwater flowing through the excavation pit migrates in
a southward direction toward and through the borrow pit area. Although the sparse hydraulic
head data alone (two wells at cluster HN-22) are insufficient to prove this hypothesis, the theory is
supported by examining the interpreted groundwater flow patterns in conjunction with the
chemical signature of the groundwater plume (to be discussed in Section 4.0).

• The borrow pit straddles the local groundwater divide. Groundwater beneath the pit located north
of the divide flows in a north-to-northwestward direction, toward the topographic saddle and then
westward into the Dale Valley. Groundwater south of the divide flows in a generally southward
direction, toward and through well cluster HN-1, and ultimately into the Dale Valley.
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• There appears to be at least some component of westward groundwater flow from the source
areas beneath Blackhead Hill. The interpretation of the local groundwater divide along the
Blackhead Hill Ridge is not unequivocal as it is based on a relatively few number of data points,
especially in the intermediate and deep groundwater zones. As will be discussed in Section 4.0,
the analytical data from monitoring well cluster HN-11 indicate that the shallow groundwater at
this cluster is significantly contaminated, even though the well cluster is located in the "shadow
zone" of Blackhead Hill relative to the source area locations. Possibly, a groundwater mound
may exist beneath Blackhead Hill (centered some distance east of the quarry), rather than a ridge
or divide, causing locally radial groundwater flow away from the mound. Alternatively, the
groundwater divide may exist within the shallow groundwater zone but disappear with depth,
where the effects of the local topographic high would be expected to decrease.

Vertical Groundwater Flow

The vertical component of groundwater flow is controlled by the changes in hydraulic head with depth
below any particular surface location. For this investigation, the components of vertical flow (direction
and gradient) were examined by comparing the static water elevations at different depths within and
between the various monitoring well clusters. In general, the data indicate that, while complex, the
vertical patterns of groundwater flow were similar to those expected by the regional hydrogeology. That
is, the regions of Blackhead Hill and the Crossley Farm are an area of groundwater recharge (downward
component of groundwater flow), and the Dale Valley is principally an area of groundwater discharge
(upward component of groundwater flow). The steep slopes between the highlands and the valley are a
transition zone between the upward and downward components of flow and, depending on the
subsurface depth intervals examined, may exhibit components of either upward or downward vertical flow
or possibly no vertical flow and horizontal flow only, if the wells are located along a "hinge point." The
general vertical patterns of groundwater flow are illustrated in a hydrogeologic cross-section (Figure 3-20)
that is constructed and oriented along the long axis of the groundwater plume.

An understanding of the vertical groundwater flow patterns is critical to understanding the nature and
extent of the groundwater plume and the fate and transport mechanisms of the chemical species within
the plume. It is important to note that the vertical gradient in the regions of Blackhead Hill and the higher
elevations of Crossley Farm (including the source areas) are oriented downward to the total subsurface
depth (305 feet at HN-120} investigated by this study, indicating that these areas are located entirely
within zones of groundwater recharge (well clusters HN-9, HN-12, HN-1, HN-15). In addition, the overall
magnitude of the downward vertical gradient generally increases with increasing depth throughout this
area. For example, at well cluster HN-12, the gradient between the depths of 55 to 128 feet (the screen
midpoints at HN-12S to HN-121) was 0.015 ft/ft, but between the depths of 128 feet and 290 feet (HN-121
to HN-12D), the vertical gradient was 0.404 ft/ft, which is a very steep gradient.
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3.6.2.3 Aquifer Hydraulic Characteristics

The performance of an aquifer pumping test would determine aquifer hydraulic variables such as
hydraulic conductivity, transmissivity, and storativity. These variables reflect and are a measure of the
manner in which groundwater is stored within and migrates through the aquifer(s), and they must be
known in order to properly plan and construct a remediation system involving groundwater extraction.
Although the scope of work for this investigation included the performance of an aquifer pumpint test, the
test was ultimately not conducted due to the very high levels of groundwater contamination encountered
near the source area (including the probability of a DNAPL) and the cautious desire not to disturb this
area until the nature and extent of the contamination were more fully understood.

An aquifer pumping test and individual well slug tests were conducted during the preliminary
hydrogeologic investigation conducted by the EPA Removal Section (EPA, 1988). These data are of
limited direct use because the pumping test was conducted in the Dale Valley, within a much different
hydrogeologic setting than the source areas, and because slug tests, by their nature, yield only a very
generalized, order-of-magnitude estimate of hydraulic conductivity within the immediate vicinity of the
borehole. The average bedrock transmissivity within the valley, as measured by the aquifer pumping test,
was approximately 23,000 gallons per day per foot. The hydraulic conductivities, as calculated by the
slug tests, ranged from about 10"4 to 10~5 centimeters per second (cm/sec) for the overburden wells and
from about 10"2 to 10"7 cm/sec for the bedrock wells.

Although the results of these tests were of limited direct use for this investigation, the results were
valuable in confirming the general hydrogeologic relationship between the calculated hydraulic
conductivity or transmissivity and the observed yield of the well. That is, the wells with the higher
reported values of hydraulic conductivity were found in this investigation to be the higher yielding wells
(typically with lesser drawdowns) during well purging activities. Therefore, general observations and
estimates of probable aquifer transmissivities may be made for the wells installed during this Rl based on
their yields and drawdowns, although it is emphasized that these observations are not sufficient to design
an extraction system and in no way are meant to replace the information that would be acquired through
the performance of a pumping test. In addition, these general observations do not provide any
information concerning the storativity of the aquifer.

Based on the observations of the rig geologist during borehole drilling and the measurements of well yield
and drawdown made during well purging activities, the following generalized observations regarding
aquifer hydraulic characteristics throughout the study area may be made:

• As discussed, the yields of the welts overall are highly variable between and even within the
various lithologies, and they may change greatly over short horizontal distances. Therefore, it is
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reasonable to assume that the hydraulic characteristics such as transmissivity and storativity also
vary considerably throughout these highly heterogeneous aquifers.

• The existence and orientation(s) of any preferred directions of groundwater flow or drawdown are
unknown and represent a significant data gap. Given the interrelationship of fracture presence
and abundance with aquifer yield and transmissivity, it is reasonable to assume that there are
preferred directions of groundwater flow within the fractured bedrock and that the orientation of
these preferred directions must be the same as the orientation of the fractures. For a
groundwater extraction system, this information is needed to optimize the horizontal orientation of
the extraction well system and to ensure that the capture zones of the various wells intersect and
form an effective extraction network. To answer this question within the study area (especially
within the source areas), a pumping test should be performed with observation wells monitoring
the hydraulic head at various azimuthal orientations around the pumping well.

• The degree of vertical interconnection within the aquifers is unknown and represents a second
significant data gap. As discussed above, vertical migration of the groundwater must be
controlled by the vertical extent and degree of interconnectedness of the bedrock fractures within
the various lithologies. Although the groundwater unquestionably migrates vertically through the
aquifer (as evidenced by the vertical extent of the groundwater plume), the ease or rate of vertical
groundwater movement is not known. For a groundwater extraction system, this information must
be known to predict whether groundwater extracted from a single depth (or a restricted range of
depths) will ultimately remediate a much larger vertical section of the aquifer or if a series of
extraction wells, each extracting groundwater from a different subsurface depth, will be required.
To answer this question within the study area (especially within the source areas), an aquifer
pumping test should be performed, with the selected observation wells monitoring the hydraulic
head at different depths within the aquifer.

3.7 ECOLOGY

3.7.1 Terrestrial Vegetation

Northeastern Berks County originally supported eastern deciduous forest of the Oak-Chestnut forest
region (Braun, 1950). Little to none of the original forest remains; much of the forest on the valley floors
was cleared for agriculture and development, and nearly all the remaining forest has been logged one or
more times (Berks County Planning Commission, 1991).

Higher ridgetops in Berks County typically support forest dominated by chestnut oak (Quercus prinus),
with lesser numbers of other oaks (Quercus sp.), sassafras (Sassafras albidum), red maple
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rubrum), black gum (A/yssa sylvatica), pitch pine (Pinus rigida), and hickories (Carya sp.). An understory
of shrubs is typically dominated by huckleberries (Gaylussacia sp.), blueberries (Vaccinium sp.), and
mountain laurel (Kalmia latifolia). Forest cover on lower slopes is typically a mix of oaks, tulip poplar
(Liriodendron tulipifera), black birch (Betula lenta), and maples (Acer sp.), with varying amounts of
American beech (Fagus grand/folia) and hickories. Viburnums (Viburnum sp.) are common as shrubs
(Berks County Planning Commission, 1991).

The relatively level highlands in the central and northern portions of the Crossley Farm comprise
agricultural land, and the slopes to the west and south support various forested and other natural
habitats. Developed areas are limited to a cluster of several residential trailers and agricultural sheds
along the northern boundary of the farm, near the entrance on Huffs Church Road.

3.7.2 Habitat Descriptions

The approximate distribution of terrestrial habitats on and adjoining the Crossley Farm Site is depicted in
Figure 3-21.

3.7.2.1 Developed Areas

Developed areas are limited to a cluster of several residential trailers and agricultural sheds along the
northern boundary of the farm, near the entrance on Huffs Church Road. These structures are
surrounded by small areas of mowed lawn.

3.7.2.2 Agricultural Land

The agricultural land comprises a major portion of the Crossley Farm. This land is planted in blocks of
corn (Zea mays) and alfalfa (Medicago sativa). Both crops appear to be healthy and vigorous. Certain
areas are fallow and support a dense cover of annual broadleaf weeds such as velvetleaf (Abutilon
theophrasti), common ragweed (Ambrosia artemisiifolia), and common lambsquarters (Chenopodium
album). These same weed species occur infrequently in the cultivated areas, but their populations
appear to be well controlled through the use of herbicides and other agricultural practices. Table 3-2 is a
comprehensive list of weed species observed in the cultivated and fallow areas during the July 1998
reconnaissance.

Certain linear swales in the agricultural land support perennial grasses and broadleaf vegetation. Leaving
grassed swales such as these unplowed is a common conservation measure used by farmers to reduce
sediment and surface runoff exiting fields. Because these swales lead downhill to streams, the
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TABLE 3-2
PLANT SPECIES OBSERVATIONS - AGRICULTURAL LAND

CROSSLEY FARM SITE

Scientific Name

Abutilon theophrasti
AHium canadense
Amaranthus retroflexus
Ambrosia artemisiifolia

Asclepias syriaca

Capsella bursa-pastoris
Cirsium arvense

Comus amomum
Chenopodium album
Chicorium intybus
Convolvulus sepium
Cyperus esculentus
Daucus carota
Ehgeron canadensis
Erigeron sthgosus

Eupatorium maculata
Euthamia graminifofia
F-ragiaria virginiana
Lepidium virginicum
Panicum dichotomiflorum
Phleum pratense
Physalis heterophylla
Plantago major
Polygonum persicaria
Prunus serotina
Rosa multiflora

Common Name
Velvetleaf
Witd Onion

Redroot Pigweed
Common Ragweed

Common Milkweed

Shepherdspurse
Canada Thistle

Silky Dogwood
Common Lambsquarters
Chicory

Hedge Bindweed
Yellow Nutsedge
Queen Anne Lace
Ma re stall

Common Fleabane
Spotted Joe-Pye Weed
Lanceleaf Goldenrod
Wild Strawberry
Virginia Pepperweed
Fait Panicum

Timothy
Ground Cherry
Common Plantain
Ladysthumb
Black Cherry

Multiflora Rose

Stratum

Herb
Herb

Herb
Herb

Herb

Herb
Herb

Shrub
Herb
Herb
Herb
Herb
Herb
Herb
Herb
Herb
Herb
Herb
Herb
Herb
Herb
Herb
Herb

Herb
Shrub
Shrub

Abundance

Common (Field)
Occasional (Swale)
Occasional (Swale)
Occasional (Swale)
Common (field)
Occasional (Swale)
Occasional (Field)
Occasional (Field)
Dominant (Swale)
Common (Field)
Occasional (Swale)
Common (Field)
Occasional (Field)

Common (Field)
Occasional (Field)
Occasional (Swale)
Common (Field)
Dominant (Swale)
Occasional (Swale)
Occasional (Swale)
Occasional (Swale)
Occasional (Field)
Occasional (Field)

Common (Swale)
Occasional (Swale)
Occasional (Field)

Common (Field)
Occasional (Swale)
Common (Swale)
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TABLE 3-2 (page 2 of 2)
PLANT SPECIES OBSERVATIONS - AGRICULTURAL LAND
CROSSLEY FARM SITE

Scientific Name
Rubus occidentalis

Rumex crispus

Setaria faberii
Solidago canadensis
Sotanum carolinense

Solanum nigrum

Sorghum halepense

Stellaria media
Toxicodendron radicans

Common Name
Black Raspberry
Curly Dock

Giant Foxtail

Canada Goldenrod
Horse Nettle

Black Nightshade
Johnsongrass

Common Chickweed
Poison Ivy

Stratum

Shrub
Herb
Herb
Herb
Herb

Herb
Herb

Herb

Shrub

Abundance
Dominant (Swale)

Common (Field)
Common (Field)

Common (Swale)
Occasional (Swale)
Common (Field)
Occasional (Field)
Common (Field)

Occasional (Field)
Occasional (Swale)
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permanent vegetation helps reduce the entry of sediment, fertilizers, and pesticides into aquatic systems.
Table 3-2 also provides information on plant species in the swales.

3.7.2.3 Mesic Hardwood Forest

Most of the slopes south and west of the agricultural land support mature Mesic Hardwood Forest
dominated by tulip poplar and black birch (Photo 2 in Appendix L). The understory comprises a
moderately dense shrub layer of spicebush (Lindera benzoin). Dense patches of ladyfern (Athyrium felix-
femina) are a common groundcover feature, but elsewhere groundcover is sparse. A complete list of
plant species observed in Mesic Hardwood Forest on the site during the July 1998 reconnaissance is
provided in Table 3-3. This vegetation is reportedly typical of lower slopes and hills in Berks County
(Berks County Planning Commission, 1991).

An area of Mesic Hardwood Forest on the western slopes has been subjected to heavy logging. The
available sequence of aerial photographs (EPA, 1990) suggests that the logging took place between 1971
and 1980. Canopy cover (primarily tulip polar) is under 20 percent in many areas. The dense sunlight
reaching the ground in the logged areas has resulted in a very dense thicket of blackberry (Rubus
allegheniensis), poison ivy (Toxicodendron radicans), and common greenbrier (Smilax rotundifolia).

An area of Mesic Hardwood Forest south of the agricultural land includes substantial numbers of Norway
spruce (Picea abies) and white pine (Pinus strobus). The former is an introduced species that grows only
where it is planted. The latter is indigenous but not common in natural forests in the local vicinity. This
area appears to have previously been farmland planted in Norway spruce and white pine, but volunteer
tulip poplar and black birch have subsequently attained dominance over the planted species through
natural succession.

3.7.2.4 Oak-Hickory Forest

The steepest slopes west of the agricultural land, in the immediate vicinity of the quarry talus slope,
support mature forest cover dominated by chestnut oak (Photo 3 in Appendix L). The steepest parts of
the slope are dominated almost exclusively by chestnut oak, and other oaks such as red oak (Quercus
rubra) and scarlet oak (Quercus coccinia) are dominant elsewhere. Much of this forest is undergrown by
a dense shrub layer of mountain laurel. A complete list of plant species observed in Oak-Hickory Forest
on the site during the July 1998 reconnaissance is provided in Table 3-4. Aerial photographs do not show
a history of recent intensive logging in this forest (EPA, 1990).

Stump sprouts of American chestnut (Castenea dentata) are common throughout much of this forest.
American chestnut was once dominant in forests such as this until the spread of a fungal blight in the
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TABLE 3-3
PLANT SPECIES OBSERVATIONS - MESIC HARDWOOD FOREST

CROSSLEY FARM SITE

Scientific Name
Acer platanoides
Acer rubrum
Ailanthus altissima
Arisaema triphyllum
Athyrium felix-femina

Betula lenta
Boemeria cylindhca
Carya glabra
Castanea pumila
Comus florida
Fraxinus americana
Lindera benzoin
Liriodendron tulipifera
Osmunda cinnamomea
Osmunda sensibilis
Picea abies
Pinus strobus
Polygonum sp.
Populus grandidentata
Prunus serotina
Quercus alba
Quercus rubra
Robinia pseudoacacia
Rosa multiflora
Rubus allegheniensis
Rubus occidentalis
Rubus phoenicolasius
Sambucus canadensis
Sassafras albidum
Smilax rotundifolia
Toxicodendron radicans
Viburnum acerifolium
Viburnum dentatum

Common Name
Norway Maple
Red Maple
Ailanthus
Jack-in-the-Pulpit
Ladyfern

Black Birch
False Nettle
Pignut Hickory
Eastern Chinkapin
Flowering Dogwood
White Ash
Spicebush
Tulip Poplar
Cinnamon Fern
Sensitive Fern
Norway Spruce
White Pine
Smartweed
Bigtooth Aspen
Black Cherry
White Oak
Red Oak
Black Locust
Multiflora Rose
Blackberry
Blackberry
Wineberry
Common Elderberry
Sassafras
Common Greenbrier
Poison Ivy
Mapleleaf Viburnum
Southern Arrowood

Stratum
Tree
Tree
Tree
Herb
Herb

Tree
Herb
Tree
Sapling
Sapling
Tree
Shrub
Tree
Herb
Herb
Tree
Tree
Herb
Tree
Tree
Tree
Tree
Tree
Shrub
Herb
Herb
Herb
Shrub
Sapling
Herb
Herb
Shrub
Shrub

Abundance
Occasional
Occasional
Occasional
Common
Dense localized
patches
Dominant
Occasional
Occasional
Occasional
Occasional
Occasional
Dominant
Dominant
Occasional
Occasional
Common
Common
Occasional
Occasional
Occasional
Occasional
Occasional
Occasional
Occasional
Common
Occasional
Common
Common
Occasional
Common
Common
Common
Occasional
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TABLE 3-4
PLANT SPECIES OBSERVATIONS - OAK-HICKORY FOREST

CROSSLEY FARM SITE

Scientific Name
Acer rubrum
Athyrium felix-femina
Betula lenta
Castanea dentata

Fagus grandifolia
Hamamelis virginiana
Kalmia latifolia
Liriodendron tulipifera
Nyssa sylvatica
Osmunda cinnamomea
Pathenocissus
quinquefolia
Quercus coccinia
Quercus prinus
Quercus rubra
Rubus phoenicolasius
Sassafras albidum
Toxicodendron radicans
Tsuga canadensis
Ulmus americana
Vaccium sp.
Viburnum acerifolium

Common Name
Red Maple
Ladyfern
Black Birch
American Chestnut

American Beech
Common Witchhazel
Mountain Laurel
Tulip Poplar
Black Gum
Cinnamon Fern
Virginia Creeper

Scarlet Oak
Chestnut Oak
Red Oak
Wineberry
Sassafras
Poison Ivy
Eastern Hemlock
American Elm
Blueberry
Mapleleaf Viburnum

Stratum
Tree
Herb
Tree
Shrub (as
stump
sprouts)
Tree
Subcanopy
Shrub
Tree
Tree
Herb
Herb

Tree
Tree
Tree
Herb
Subcanopy
Herb
Subcanopy
Tree
Shrub
Shrub

Abundance
Occasional
Occasional
Common
Common

Common
Common
Dominant in places
Common
Occasional
Occasional
Occasional

Dominant
Dominant
Dominant
Occasional
Occasional
Common
Occasional
Occasional
Occasional
Common
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early 1900s. Because the fungus cannot infect young stems, stump sprouts are a common feature in
forests of this type (Petrides, 1972). As expected, the largest stump sprouts (generally about 1 inch in
caliper) observed on the site showed symptoms of the blight and will die imminently.

3.7.2.5 Old Field Perennial Vegetation

Small clearings in the forest west of the agricultural land, including the clearings located immediately
south of Blackhead Hill, support old field vegetation dominated by perennial herbaceous species such as
Canada goldenrod (Solidago canadensis) and poison ivy (Photo 4 in Appendix L). A complete list of plant
species observed in Old Field Perennial Vegetation on the site during the July 1998 reconnaissance is
provided in Table 3-5. These clearings appear to have been mowed within the past several years to
prevent the establishment of tree saplings.

3.7.2.6 Successional Hardwood Forest

Portions of the fields located south of Blackhead Hill that have not been recently mowed support
Successional Hardwood Forest dominated by fast-growing hardwood saplings that rapidly establish in old
fields such as bigtooth aspen (Populus grandidentata) and black birch. Few trees exceed 6 inches in
trunk diameter. Tulip poplar is also common. The frequency of black birch and tulip poplar suggests that
this forest is a Successional precursor to the Mesic Successional Forest on the forested slopes adjoining
these fields. A complete list of plant species observed in Successional Hardwood Forest on the site is
provided in Table 3-6. Early aerial photographs show these forested areas to be fields in the 1940s and
1950s (EPA, 1990).

3.7.2.7 Wetland Hardwood Forest

Narrow zones around seepages and headwater streams on the forested slopes support forest and scrub-
shrub vegetation characterized by hardwood trees, such as red maple and green ash (Fraxinus
pennsylvanica), and common elderberry (Sambucus canadensis), a deciduous shrub. Spicebush is also
a frequent shrub in these areas, but it is also frequent in upland areas of Mesic Hardwood Forest.
Jewelweed (Impatiens capensis) and cinnamon fern (Osmunda cinnamomea), two herbaceous species
tolerant of shading and seasonal soil saturation, are common herbaceous components of this vegetation.
For simplicity, considering the small and narrow zones supporting this vegetation, areas of wetland
hardwood forest and wetland scrub-shrub vegetation have been lumped into a single community type for
the purposes of this report. Table 3-7 is a list of plants observed in Wetland Hardwood Forest on the site.
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TABLE 3-5
PLANT SPECIES OBSERVATIONS - OLD FIELD VEGETATION

CROSSLEY FARM SITE

Scientific Name
Solidago canadensis
Toxicodendron radicans
Parthenocissus
quinquefolia
Ambrosia artemisiifolia
Fragiaria virginiana

Rudbeckia hint a
Achillea millefolium
Daucus carota
Asclepias
Plantago major
Plantago lanceolata
Rubus phoenicolasius
Rubus allegheniensis
Berberis thunbergii
Erigeron strigosus
Allium canadense

Common Name
Canada Goldenrod
Poison Ivy
Virginia Creeper

Common Ragweed
Wild Strawberry
Red Clover
Black-eyed Susan
Yarrow
Queen Annes Lace
Butterfly weed
Common Plantain
English Plantago
Wineberry
Blackberry
Japanese Baneberry
Daisy Fleabane
Wild Onion

Stratum
Herb
Herb
Herb

Herb
Herb
Herb
Herb
Herb
Herb
Herb
Herb
Herb
Herb
Herb
Shrub
Herb
Herb

Abundance
Dominant
Dominant
Common

Common
Common
Common
Common
Occasional
Occasional
Occasional
Occasional
Occasional
Occasional
Occasional
Occasional
Occasional
Occasional
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TABLE 3-6
PLANT SPECIES OBSERVATIONS - SUCCESSIONAL HARDWOOD FOREST

CROSSLEY FARM SITE

Scientific Name
Athyrium felix-femina
Betula lenta
Gary a g la bra

Gary a ovata
Hamamelis virginiana

Juniperus virginiana

Lindera benzoin
Liriodendron tulipifera
Nyssa sylvatica
Populus grandidentata

Prunus serotina
Quercus rubra
Sassafras albidum
Toxtcodendron radicans

Ulmus americana

Viola sp.
Vitis sp.

Common Name

Ladyfern
Black Birch
Pignut Hickory

Shagbark Hickory
Common Witchazel
Eastern Red cedar

Spicebush
Tulip Poplar

Black Gum

Bigtooth Aspen
Black Cherry

Red Oak
Sassafras
Poison Ivy

American Elm
Wild Violet

Wild Grape

Stratum

Herb
Sapling

Sapling

Sapling

Shrub

Sapling
Shrub

Sapling

Sapling
Sapling

Sapling
Sapling
Sapling

Herb
Sapling
Herb
Herb

Abundance

Dominant in patches
Dominant
Occasional
Occasional
Occasional

Occasional
Dominant in patches

Common
Occasional
Dominant
Occasional
Occasional
Occasional
Common

Occasional
Common

Occasional
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TABLE 3-7
PLANT SPECIES OBSERVATIONS - WETLAND HARDWOOD FOREST

CROSSLEY FARM SITE

Scientific Name

Acer platanoides
Acer rubrum
Arisaema triphyllum

Athyrium felix-femina
Betula lenta

Boemeria cylindrica
Carex sp.
Fraxinus pennsylvanica

Hamamelis virginiana
Impatiens capensis

Leersia oryzoides

Lindera benzoin
Liriodendron tulipifera

Nyssa sylvatica
Onoclea sensibilis
Osmunda cinnamomea
Parthenocissus
quinquefolia

Polygonum sp.
Rosa multitlorum
Rubus allegheniensis

Rumex crispus

Sambucus canadensis
Smilax rotundifolia
Symplocarpus foetidus
Toxicodendron radicans
Vitis sp.

Common Name

Norway Maple
Red Maple

Jack-in-the-Pulpit
Lady fern
Black Birch

False Nettle
Sedge
Green Ash

Witchhazel
Jewelweed
Rice Cutgrass

Spicebush

Tulip Poplar
Black Gum

Sensitive Fern
Cinnamon Fern

Virginia Creeper

Smartweed
Multiflora Rose

Blackberry
Curly Dock

Common Elderberry

Common Greenbrier

Skunk Cabbage
Poison Ivy

Wild Grape

Stratum

Herb
Tree
Herb

Herb

Tree

Herb

Herb

Tree
Sapling
Herb
Herb

Shrub
Tree
Tree
Herb

Herb

Herb

Herb

Shrub
Herb

Herb
Shrub

Herb

Herb

Herb

Herb

Abundance
Common
Common
Occasional
Common

Common
Occasional
Occasional
Common
Common

Dominant in places

Occasional
Dominant in places
Occasional
Occasional
Occasional
Common

Common

Common
Common
Occasional
Occasional

Dominant in places

Common
Common
Common
Common
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3.7.2.8 Persistent Emergent Wetland Vegetation

Two small wet areas on the slopes lack trees and shrubs and are instead dominated by herbaceous
species tolerant of seasonal soil saturation such as jewelweed and skunk cabbage (Symplocarpus
foetidus) (Photos 5 and 6 in Appendix L). These areas appear as small glades within the forest and
correspond to the wettest areas. These herbaceous species are generally more tolerant of extended soil
saturation than are most of the wetland hardwood tree species occurring on the site. Wetland areas on
the site are described in more detail in Section 3.0. Table 3-8 is a list of plants observed in Palustrine
Emergent Wetland Vegetation on the site.

3.7.2.9 Other Areas

A short hedgerow exists in the northern part of the site, bordering the east side of the main entrance road.
The hedgerow is dominated by Successional hardwood saplings of black cherry (Prunus serotina) and
staghorn sumac (Rhus typhina) and by aggressive old field shrubs such as multiflora rose (Rosa
multiflora) and Japanese barberry (Berberis thunbergii) (Table 3-9). Aerial photographs indicate that a
series of hedgerows crossed the agricultural land on the site until the 1940s but were subsequently
cleared to enlarge the fields (EPA, 1990).

An area of steep slopes at the base of the quarry supports an accumulation of exposed stones termed
talus. Stones range from approximately 1 foot to several feet in diameter and are irregularly shaped. The
talus is bordered by Oak-Hickory Forest, but itself supports little or no vegetation. The rock surfaces do,
however, support frequent lichens. These lichens appear as light green fungal scabs on the rock
surfaces but actually are a symbiotic association of species of fungi and algae. Lichens are slow growing,
colonizing rock surfaces only slowly, and are notably sensitive to air pollutants such as sulfur dioxide,
heavy metals, and ozone (Tel Aviv University, 1998).

The inactive quarry area now supports a sapling forest dominated by bigtooth aspen and black birch
(Photo 7 in Appendix L). This sapling cover, which developed in response to the disturbed soils and
rocky conditions of the quarry, is floristically distinct from the Successional Hardwood Forest formed on
the abandoned agricultural land. Bigtooth aspen is a fast-growing tree that readily colonizes areas of
physically disturbed soils.

The borrow pit area supports Old Field Perennial Vegetation (as described in Section 3.7.2.5) but with
several saplings of gray birch (Betula populifolia), a fast-growing tree that readily colonizes areas of
physically disturbed soils.
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TABLE 3-8
PLANT SPECIES OBSERVATIONS - EMERGENT WETLAND VEGETATION

CROSSLEY FARM SITE

Scientific Name
Boemeria cylindrica
Fraxinus pennsylvanica

Impatiens capensis
Leersia oryzoides
Lindera benzoin

Rubus allegheniensis
Rumex crispus

Solanum nigrum
Symplocarpus foetidus
Vitis sp.

Common Name
False Nettle

Green Ash
Jewel weed
Rice Cutgrass
Spicebush
Blackberry
Curly Dock

Black Nightshade

Skunk Cabbage

Wild Grape

Stratum

Herb

Tree

Herb

Herb
Shrub

Herb
Herb

Herb
Herb
Herb

Abundance

Common
Occasional

Dominant in places
Dominant in places
Occasional
Occasional
Occasional
Common
Dominant in places

Common
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TABLE 3-9
PLANT SPECIES OBSERVATIONS - HEDGEROW

CROSSLEY FARM SITE

Scientific Name

Achillea millefolium
Asclepias syriaca
Berberis thunbergii
Chicorium intybus
Comus amomum

Daucus carota

Melilotus alba
Phleum pratense

Prunus serotina

Rhus typhina
Rosa multiflora

Rubus occidentalis
Rubus phoenicolasius

Sofidago canadensis
Toxicodendron radicans

Vitis sp.

Common Name
Common Yarrow
Common Milkweed

Japanese Baneberry

Chicory

Silky Dogwood

Queen Anne Lace

White Sweetclover
Timothy

Black Cherry

Staghorn Sumac
Multiflora Rose

Black Raspberry
Wine berry

Canada Goldenrod
Poison Ivy

Wild Grape

Stratum

Herb
Herb

Shrub

Herb
Shrub

Herb

Herb
Herb
Sapling

Sapling

Shrub

Shrub

Shrub

Herb
Shrub

Vine

Abundance

Occasional
Occasional
Dominant
Occasional

Occasional

Occasional
Occasional
Occasional
Dominant

Dominant

Dominant

Occasional
Occasional

Common
Dominant

Occasional
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The closest perennial stream to the site is West Branch Perkiomen Creek. The creek was visually
inspected at several points within approximately 1 mile of the site to descriptively characterize the aquatic
habitat most likely to have received runoff originating at the site. The creek channel is characterized by
alternating riffles (shallow, fast-moving water with a cobbly substrate) and pools (deeper, slower moving
water with a soft sediment substrate) (Photo 8 in Appendix L). The channel is bounded by sharp, abrupt
banks and few, if any, riparian wetlands. The floodplain areas bordering the channel typically support a
Riparian Hardwood Forest dominated by trees such as American sycamore (Piatanus occidentalis), red
maple, and black walnut (Juglans nigra).

3.7.3 Rare. Threatened, and Endangered Plants

The Pennsylvania Natural Diversity Inventory (PNDI) database does not note any state listed threatened
or endangered plant species in the general vicinity of the site (PNDI, 1998). The US Fish and Wildlife -
Service, in a letter dated June 11, 1998, did not indicate that any federally listed threatened or
endangered plant species potentially occur on the site (FWS, 1998a). No such plants are known to
presently occur in Berks County (FWS, 1998b and c).

3.7.4 Wildlife

Table 3-10 lists the wildlife observed on the site during the site visit from July 7 through July 9, 1998. The
table provides the common and scientific names of each identified species and the types of habitat in
which these species were observed. The list was compiled using direct observations and indirect
evidence such as wildlife signs (e.g., dens and tracks). A few species were included in the list based on
anecdotal information provided by EPA and contractor personnel who have been working at the site over
the past several months. A number of species were included because they were seen in the surrounding
area and could be expected to be found on the site itself. The species list is, of course, only a partial
compilation of site wildlife, since it was conducted at a reconnaissance level and over a limited period of
time. For the same reasons, no attempt has been made to indicate general abundance levels for the
species observed.

A total of 26 birds, seven mammals, four amphibians, and two reptiles were identified on or near the site
during the July 7 through 9, 1998 reconnaissance (Table 3-10). Considering the overall quality of the
habitat on site, including the interspersion of the various communities, the total number of species using
the site over the period of a year would be expected to be much greater. Seasonal surveys would add
greatly to the list by identifying migratory species and winter residents. Detailed studies would also likely
identify additional mammals (e.g., mice and voles), amphibians (e.g., salamanders and frogs), and
reptiles (e.g., snakes).
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TABLE 3-10
WILDLIFE OBSERVED ON THE CROSSLEY FARM

CROSSLEY FARM SITE

COMMON NAME
BIRDS
American crow

American robin

Barn swallow

Blue jay
Canada goose

Carolina chickadee

Common grackle
Common flicker

Common
yellowthroat
European starling

Field sparrow
Gray catbird

Great blue heron

Hairy woodpecker

Hawk, unidentified

House sparrow

Indigo bunting
Mourning dove

Northern cardinal
Northern
mockingbird

SCIENTIFIC NAME

Corvus
brachyrhynchos
Turdus migratorius

Hirundo rustica

Cyanocitta cristata
Branta canadensis

Parus carolinensis

Quiscalus quiscula
Colaptes auratus

Geothlypis trichas

Sturnus vulgaris

Spizella pusilla
Dumetella
carolinensis
Ardea herodias

Picoides villosus

Buteo sp.

Passer domesticus

Passerina cyanea
Zenaida macroura

Cardinalis cardinalis
Mimus polyglottos

OBSERVED HABITAT

Flying over Site

Mesic Hardwood
Forest, flying over
agricultural land
Flying (feeding) over
agricultural land,
forested areas, and
rock quarry
Throughout Site
Yard next to
residence
Mesic Hardwood and
Oak-Hickory Forest
Agricultural land
Mesic Hardwood and
Oak-Hickory Forest
Edge habitats

Flying over
agricultural land
Agricultural land
Edge habitat

Riparian Forest

Mesic Hardwood
Forest
Flying over
agricultural land

Vicinity of residences
at entrance to site
Edge habitat
Flying over
agricultural land
Edge habitat
Edge habitat

NOTES

Observed offsite

Observed offsite

Offsite. Observed
flying down the West
Branch of Perkiomen
Creek. Its
occurrence onsite is
unlikely.

Bird only
momentarily seen,
but appeared to be a
soaring hawk.

Observed offsite
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TABLE 3-10 (page 2 of 3)
WILDLIFE OBSERVED ON THE CROSSLEY FARM
CROSSLEY FARM SITE

COMMON NAME
BIRDS (continued)
Rock dove
(domestic pigeon)
Rufous-sided
townee
Song sparrow
Turkey vulture
Wild turkey

Wood thrush
MAMMALS
Eastern chipmunk

Eastern gray
squirrel

Red fox

Mole, unidentified

Norway rat

Whitetail deer

Woodchuck

AMPHIBIANS
American toad

Bull frog

SCIENTIFIC NAME

Columba livia

Piplio
erythrophthalmus
Melospiza melodia
Cathartes aura
Meleagns gatlopavo

Hylocichla mustelina

Tamias striatus

Sciurus carolinensis

Vulpes vulpes

Rattus norvegicus

Odocoileus
virginianus

Marmota monax

Bufo americanus

Rana catesbeiana

OBSERVED HABITAT

Flying over
agricultural land
Edge habitat

Agricultural land
Flying over site
Mesic Hardwood
Forest, hay field,
wetland habitats,
yard near residence

Edge habitat

Talus slope

Mesic Hardwood
Forest

Mesic hardwood
forest

Wetland Hardwood
Forest

Developed area

Throughout Site

Agricultural land near
residences at
entrance to site

Edge of Successional
hardwood forest and
old field
Persistent Emergent
Wetland Vegetation

NOTES

Observed offsite

Only remains seen in
mesic hardwood
forest. Two birds
seen near Spring No.
101. Residence was
offsite.

Observed both in
open area of rock
quarry and wooded
portion of talus
slope.
While mast for this
species is plentiful,
tree nests were rare.
Two dens observed -
reportedly seen by
site personnel.
Tunnel ridges
observed below
Spring No. 179.
One dead animal
reported by site
personnel.
While not seen
directly, tracks were
observed in nearly all
habitat types.

Seen near cleared
fields south of
Blackhead Hill.
Heard from Bass
Pond
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TABLE 3-10 (pageS of 3)
WILDLIFE OBSERVED ON THE CROSSLEY FARM
CROSSLEY FARM SITE

COMMON NAME
AMPHIBIANS
(continued)
Pickerel frog

Wood frog

REPTILES
Eastern box turtle

Northern
copperhead

SCIENTIFIC NAME

Rana palustris

Rana sylvatica

Terrapene Carolina
Carolina
Agkistrodon
contortrix mokasen

OBSERVED HABITAT

Palustrine emergent
wetland
Successional
Hardwood Forest

Wetland Hardwood
Forest
Mesic Hardwood
Forest

NOTES

Seen in wetland below
Spring 179.
Seen in cleared fields south
of Blackhead Hill.

Observed near Spring No.
101.
Reportedly seen by site
personnel.
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Although most agricultural land is located in the northern portion of the site and most forested land is
found to the south and west, there is a reasonable degree of interspersion of plant communities (as
discussed in Section 3.7.2). This interspersion provides a variety of resources within a limited area for the
wildlife present; thus, the site tends to favor wildlife that require a variety of plant communities within their
daily and seasonal home ranges. Species requiring extensive areas of a single community would not be
expected to be abundant. A brief description of the basic plant communities in terms of their value to
wildlife is presented below.

3.7.4.1 Agricultural Land

The agricultural land on the site includes areas of corn, alfalfa, hay, and fallow land. Because these
areas are interspersed as a result of soil conservation practices, they provide a mix of food and cover for
a variety of species that favor open areas. In addition, where this agricultural land borders the forested
slopes to the south and west, edge habitat accommodates numerous additional species preferring close
proximity to both open and forested land. With the exception of areas planted in corn, most of the
agricultural land provides food and cover for a variety of rodents, which in turn provide food for animals
such as red foxes and hawks. The presence of food is the primary attraction for wildlife using agricultural
land. Plant material provides food for whitetail deer (OdocoHeus virginianus) and various birds, and
insects provide food for barn swallows (Hirundo rustica), field sparrows (Spizella pusilla), and other edge
species.

3.7.4.2 Forested Plant Communities

The Mesic Hardwood Forest, Oak-Hickory Forest, and Successional Hardwood Forest are functionally
associated with one another. They provide habitat for forest-dwelling animals such as whitetail deer, wild
turkey, eastern gray squirrel, eastern chipmunk, various species of mice, tree frogs, and eastern box
turtle. The Oak-Hickory Forest contains a greater number of mast-producing species than the other forest
types and favors animals utilizing this food source (e.g., the eastern gray squirrel, Sciurus carolinensis).
The Successional Hardwood Forest on the site is dominated by non-mast-producing trees but has a more
developed shrub layer that is beneficial to whitetail deer.

The Riparian Forest bordering West Branch Perkiomen Creek, south of the site, favors terrestrial species
dependent on the creek as a source of food. For example, the only great blue heron (Ardea herodias)
observed during the reconnaissance was seen in this habitat. Additionally, the generally moist
environment associated with the creek would be expected to favor numerous amphibians and reptiles not
found in the drier forest types found on the Crossley Farm itself.
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3.7.4.3 Old Field Perennial Vegetation

Where the fields located immediately south of Blackhead Hill have been occasionally mowed to prevent
the establishment of Successional Hardwood Forest, the resulting perennial vegetation provides habitat
for numerous species of mice and voles, as well as several species favoring the edge conditions
separating agricultural land from forested land. Many of the birds observed in or near these fields during
the site reconnaissance are associated with edge habitat. These include the indigo bunting (Passerina
cyanea), northern cardinal (Cardinalis cardinalis), and gray catbird (Dumetella carolinensis).

3.7.4.4 Wetland Habitats

The small, narrow areas of wetlands observed downslope of Spring No. 101 (located north and
downslope of the abandoned quarry) and Spring No. 179 (located within the area of spruce and pine
trees) complement the surrounding Mesic Hardwood Forest by providing greater habitat diversity and a
drinking water source for wildlife. Springs associated with wetlands are attractive to wildlife as a source of
water. The wetlands themselves are valuable resources for numerous species, especially many
amphibians. The bull frog (Rana catesbeiana) and pickerel frog (Rana palustris) were identified in
wetlands on the site during the July reconnaissance. Several other amphibian species likely inhabit these
wetland areas and would be observed by an extended reconnaissance effort.

3.7.4.5 Other Habitats

The only hedgerow on the site is located along the entrance road. Such habitat is of benefit to wildlife
due to the variety of plant species that provide cover, as well as an abundance of food. In addition,
hedgerows can act as travel corridors between two or more different habitat types. Many of the species
associated with this habitat type are similar to those found along edges. Indigo buntings, rufous-sided
towhees (Pipilo erythrophthalmus), northern cardinals, and song sparrows (Melospiza melodia) are some
of the birds expected to utilize hedgerows. The habitat value of the agricultural land in the northern part
of the site would be greater if it were traversed by more hedgerows.

3.7.5 Threatened and Endangered Species

The U.S. Fish and Wildlife Service lists a total of 13 animal species as threatened or endangered in
Pennsylvania (USFWS, 1998b and c), and the Pennsylvania Department of Conservation and Natural
Resources lists 49 species (PNDI, 1998). However, only one species, the bog turtle (Clemmys
muhlenbergii), is known to occur in the general geographic vicinity of the site (FWS, 1998a). Bog turtles
inhabit shallow, spring-fed fens, sphagnum bogs, swamps, marshy meadows, and wet pastures
characterized by soft, muddy bottoms. A site visit by FWS established that no bog turtle habitat occurs
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on the site, although potentially suitable habitat may occur in off-site wetlands. The FWS recommends
that the suitability of the off-site wetlands be assessed if they may be affected by future remedial actions
at the site.

3.7.6 Wetland Assessment

Wetlands on the site were identified and mapped using the criteria for wetland delineation in the Corps of
Engineers Wetlands Delineation Manual (Environmental Laboratory, 1987). The objective was to identify
and characterize wetland resources located close to the area of contamination. The delineated wetland
boundaries were sketched based on field notes and aerial photographs but not staked or flagged in the
field for precise survey. The intensity of the wetland vegetation was greatest in areas closest and
downgradient to the EPIC pit area and the borrow pit area, especially on the hill slopes to the west and
the south. Wetlands on the remainder of the site are briefly described.

Two main wetland complexes were identified. Both comprise springs in narrow swales that feed narrow
drainages. The first, located on the southern forested slope, is associated with Spring No. 179, and the
second, located on the western slope, is associated with Spring No. 101 (Figure 3-22). The seepage
from the springs flows into narrow wetland zones in drainage swales that become progressively drier
downgradient as the water infiltrates back into the ground. At the time of the delineation, both drainages
were dry several hundred feet downslope of the springs and thus lacked a surface connection to other
waterbodies. During wet periods, enough discharge has been observed at Spring No. 101 to create a
surface connection with a perennial tributary to West Branch Perkiomen Creek.

3.7.6.1 Spring No. 179 Wetland Complex

Spring No. 179 is located approximately 750 feet southeast of the borrow pit area, in a gentle swale
surrounded by Mesic Hardwood Forest. Water seeps into the swale along a stretch of over 100 feet,
rather than from a discrete spring. The swale originates in the agricultural land and trends southward into
the forest. Seepage and wetland properties are not present in the swale until approximately 300 feet
south of the field. The wetlands range in width from approximately 10 to 20 feet at the seepage zone to
over 100 feet in width at a point approximately 200 feet downslope from the seepage. Water from the
wetlands then passes through a culvert under a farm road and into a narrow drainage, where wetland
properties fade. The drainage continues southward into a gorge deeply cut into the hillside, becoming an
intermittent tributary to West Branch Perkiomen Creek.

A second spring (Spring No. 178) is located approximately 325 feet west of Spring No. 179. Water
discharges from a PVC pipe and into a very narrow ditch that flows southward into the Spring No. 179
wetlands. The spring and ditch appear to be man-made. The origin of the spring is unknown; it may be
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the discharge point for a drain field under the relatively wet agricultural land located immediately to the
north, it may have been an attempt to drain this wooded area in the years when it was formerly a field or
pasture, or it may have been an attempt to create a drinking water source for livestock.

Additional water flows into the Spring No. 179 wetlands from the east. This water flows within a ditch that
originates at the Bass Pond, a man-made pond located approximately 750 feet to the east.

Delineation and Characterization

The vegetation, soil, and hydrological observations used to identity and delineate the Spring No. 179
wetlands are recorded for representative locations in data sheets in Appendix M. The observation
stations are illustrated in Figure 3-23. Data Points 4 and 5 were taken in the swale near the seepage
zone for Spring No. 179. Data Point 3 was taken in a wet glade-like forest clearing in the swale (the Deer
Point 1 was taken just upstream from the culvert under the farm road. Data Point 6 was taken in uplands
immediately adjoining the swale, for background or comparison purposes.

Vegetation: Vegetation in the wetlands consists of wetland hardwood trees such as red maple and
green ash, undergrown by deciduous shrubs such as common elderberry and spicebush. The Deer
Pond, which is a small (10,000 square feet) glade-like clearing located downgradient from the spring, is
dominated by herbaceous vegetation such as jewelweed and false nettle (Boemeria cylindrica).

Soils: The ground is stony throughout most of the swale, with only shallow accumulations of surface soil.
Where soil is present, it generally consists of sandy clay loams and silty clay loams, with some evidence
of mottling. The deepest soil accumulations lie within the small glade, where distinct mottling was
observed at the surface. Elsewhere, the stones either lie at the surface or within 1 to 2 inches of the
surface. Soils in the adjacent uplands are also sandy clay loams and silty clay loams, but they are not
mottled.

Hydrology: The principal water source for the wetlands appears to be the Spring No. 179 area.
Seepage rates are likely greatest during the wetter seasons of the year (winter and spring), when the
water table is highest. Flow through the swale is probably enhanced by surface runoff for brief periods
following heavy precipitation events. However, there is no evidence of scour from extreme runoff levels.
Hydrological contributions from direct precipitation are likely minimal, considering the narrow width of the
swale.
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Functional Assessment

The principal functions of the wetland complex probably pertain to surface water and groundwater
recharge and quality. The dense herbaceous and woody vegetation in the wetland complex serves to
detain seepage and surface runoff, slowing its velocity, trapping waterborne sediments and contaminants,
and directing it back into the course stony soils and the groundwater. The wetlands are of moderate
value as habitat for terrestrial wildlife and are of reasonably pleasant aesthetic quality, but they are not
regionally unique or outstanding, and they are not publically accessible or visible from public areas.

The value of the wetlands was evaluated relative to 13 commonly recognized wetland functions. The
evaluations are subjective and are based on qualitative factors outlined by the Army Corps of Engineers
in their Highway Methodology for functional assessment of wetlands (COE, 1995). Although developed
by the New England Division, the methodology can be applied to most wetlands in the northeastern
United States.

Groundwater Recharge/Discharge (High Value): This complex of wetlands is intimately connected to
the groundwater, and any significant impacts to the wetlands could have proportionally significant impacts
on the associated groundwater. The water in the wetlands is primarily sourced by groundwater discharge
in the upslope area of the swale, and this water is gradually recharged to the groundwater as it flows
down the swale. The cobbly nature of the underlying soils and the abundant coarse sand within the soil
matrix facilitates the rapid recharge. Once the swale passes under the culvert, wetland properties
virtually disappear, suggesting that the recharge is complete most times of the year.

Because the swale also receives substantial surface runoff from the upgradient agricultural field, which is
ultimately recharged within the swale, the net recharge likely exceeds the net discharge. The vegetation
in the wetlands likely serves to slow the velocity of the surface runoff entering the swale, thereby
enhancing groundwater recharge and reducing storm flow to Perkiomen Creek. The net recharge
contributed by the wetlands may play a significant role in ensuring the availability of water in the many
nearby rural residential wells. However, by this same process, the wetlands could potentially help convey
contaminants into the groundwater and the welts.

Floodflow Alteration (Moderate Value): The vegetation and coarse soils in these wetlands likely serve
to detain surface runoff and enhance groundwater recharge, rather than increase the surface runoff to the
headwaters of Perkiomen Creek. Thus, the wetlands likely reduce floodflows to Perkiomen Creek,
although the effect is cumulative over the hundreds of similar wetlands that occur in the letter's
watershed. The individual loss of this wetland complex would not likely have a noticeable effect on
regional flooding conditions.
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Fish and Shellfish Habitat (Low Value): Nowhere in the wetland complex are water levels high enough
to support significant populations of even the smallest fish species.

Sediment/Toxicant/Pathogen Retention (High Value): The ability of this wetland complex to detain
surface runoff from the agricultural field suggests that it is of significant value in helping to reduce the
migration of sediment and other undesirable substances, including fertilizers and pesticides.

Nutrient Removal/Retention/Transformation (High Value): This function is closely related to the
retention function discussed above, and the wetland complex is likely to be of significant value with regard
to both.

Production Export (Low Value): The small size of the wetland complex and its physical isolation from
other wetlands and aquatic systems (except perhaps during storm flows) suggest that its contribution of
nutrients and prey sources to other ecosystems is likely to be minimal.

Sediment/Shoreline Stabilization (Low Value): The location of the wetland complex away from large
streams or open waters suggests that it does not play a significant role stabilizing erodable shorelines.

Wildlife Habitat (Moderate Value): The wetland complex supports a good diversity of indigenous
vegetation and is surrounded by natural forest vegetation that is of good value to wildlife. Furthermore,
the transition from wetland to upland habitat is natural, and the vegetation is distinctly zonated into belts
of herbaceous vegetation, shrub vegetation, and forest vegetation. The wetlands likely provide a valuable
drinking water source for mammals inhabiting the surrounding upland forest and also provide suitable
habitat for tadpoles and other wetland-dependent amphibians. However, the wetland complex is not a
regionally unique or rare feature, it is not situated close to riparian areas or open waters, and it does not
serve as a strategic linkage between habitats.

Recreation (Low Value): The wetland complex is situated on private land that is not accessible to the
public or visible from public roads.

Educational/Scientific Value (Moderate Value): The wetland is mostly undisturbed and contains
several different palustrine wetland classes (i.e., palustrine emergent, scrub-shrub, and forested wetland
classes). Furthermore, the hydrology is interesting, and spring-fed wetlands on slopes, while not rare, are
a type of wetland not well known or appreciated by the general public. The hydrological interaction of the
springs (groundwater discharge), coarse and cobbly soils, and groundwater recharge is instructive.

Uniqueness/Heritage (Low Value):. The wetland is not listed as an area of statewide or local
significance in the Natural Areas Inventory for Berks County (Berks County Planning Commission, 1991).
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There are no individually outstanding features. Although mature forest vegetation completely surrounds
the wetland complex and although the vegetation in the wetlands does not appear to have been
physically disturbed by recent human activity, the swale still receives runoff from the intensively cropped
agricultural land to the immediate north. Thus, it is not a good example of a pristine hillside seep wetland.

Visual Quality/Aesthetics (Moderate Value): The wetland complex is aesthetically attractive. It
supports a typical zonation of herbaceous, scrub-shrub, and forest vegetation and is surrounded by
mature forest vegetation. Furthermore, the glade-like appearance of the wettest part of the swale (the
Deer Pond) contrasts pleasantly with the surrounding dense forest, and many of the dominant wetland
herbs (especially jewelweed) and shrubs (especially common elderberry) are attractive summer
wildflowers. However, the complex is entirely surrounded by private property that is part of a working
farm, and it is not visible from any residences, roads, or public areas.

Endangered Species Habitat (Moderate Value): As noted previously, no federally listed or state-listed
plant or wildlife species are known to occur on the site, although wetlands potentially suitable to the bog
turtle occur in the off-site vicinity.

3.7.6.2 Spring No. 101 Wetland Complex

Spring No. 101 is located approximately 800 feet west of the drum excavation area, in a gentle swale
surrounded by Mesic Hardwood Forest. Unlike Spring No. 179, Spring No. 101 appears to constitute a
discrete point of seepage. The seepage flows out among rock outcrops at the spring and feeds wetlands
in the sloping swale to the west. The wetlands are under 20 feet in width immediately downslope from
the spring but widen to an area over 100 feet wide farther downslope. Farther downslope, the wetlands
fade out, becoming progressively drier as the surface flow appears to infiltrate back to the groundwater.
The swale topography and the boundary from wetland to upland are relatively abrupt and distinct close to
the spring but become progressively more gradual downslope from the spring.

Delineation and Characterization

The vegetation, soil, and hydrological observations used to identify and delineate wetlands in the complex
are recorded for representative locations in data sheets in Appendix M. The observation stations are
illustrated in Figure 3-24. Data Point 7 was taken in the center of the swale, immediately downstream of
the spring. Data Point 8 was taken in the center of the swale, in an area where the wetlands are broadest
and still very distinct. Data Point 9 was taken in the center of the swale, approximately 500 feet
downslope of the spring, at a location where the wetland properties have mostly faded. Data Points 10

L/DOCUMENTS/RAC/RAC3/7525/14688/SEC3 155

ftR300505



LEGEND
• WETLAND DELINEATION STATION
A MONITORING WELL LOCATIONS
S SPRING LOCATIONSCALE N FEET REV. 1, 12/15/99 LDL

PROJECT NUMBER
7525

OWNER NO
0910Tetra Tech NUS, Inc.DRAWN BY DATE

LDL 10/5/99
CHECKED 3Y DATE

COST/SCHED-AREA
.. I -. L- J

SCALE
AS NOTED

ECOLOGICAL RISK ASSESSMENT
SPRING 101 AREA

CROSSLEY FARM
HEREFORD TWP., BERKS CO., PA DRAWING NO. FIGURE 3-24

AR300506



and 11 were taken in areas adjoining the lower reach of the swale where wetland and upland properties
are indistinct. Data Point 10 represents areas where wetland properties appear to be just barely sufficient
to meet the delineation criteria; Data Point 11 represents an area where upland properties predominate.

Vegetation: Vegetation closest to the spring in the wetter, upslope areas of the swale is dominated by
scrub-shrub vegetation predominantly consisting of spicebush and common elderberry, with a dense
understory of jewelweed and skunk cabbage (Symplocarpus foetidus). As the saturated conditions fade
downslope, a canopy of tulip poplar and Norway maple (Acer platanoides) becomes predominant. Both
are primarily upland tree species. Herbaceous species typical of wetlands, such as cinnamon fern and
jewelweed, are still common in the understory.

The uplands surrounding the swale support Mesic Hardwood Forest dominated by tulip poplar. Wetland
herbaceous species such as jewelweed and cinnamon fern are generally absent from the uplands, but
become occasional close to the swale in the downslope areas, where the wetland-to-upland transition is
more gradual.

Soils: The ground is stony throughout most of the swale, with only shallow accumulations of surface soil.
Where soil is present, it generally consists of a shallow layer of muck overlying the stones. Adjoining
upland soils are generally sandy clay loams and silty clay loams that also exist as thin layers overlying
stones. The deepest soil accumulations lie closest to the spring, within the upslope areas of the swale.
Farther downslope from the spring, the swale becomes progressively stonier, with little or no surface soil,
except in interstices between the stones. In the lower parts of the swale (Data Point 9), the soils were too
stony to take even shallow soil borings.

Hydrology: The principal water source for the wetlands appears to be Spring No. 101. Seepage rates
are likely greatest during the wetter seasons of the year (winter and spring), when the water table is
highest. Flow through the swale may be enhanced by surface runoff for brief periods following heavy
precipitation events. However, there is no evidence of scour from extreme runoff levels. Hydrological
contributions from direct precipitation are likely minimal, considering the narrow width of the swale.

Functional Assessment

The Spring No. 101 wetland complex appears to be very similar to the Spring No. 179 wetland complex in
terms of functional capacity.

Groundwater Recharge/Discharge (High Value): The Spring No. 101 complex is intimately connected
to the groundwater, and any significant impacts to the wetlands could have proportionally significant
impacts on the associated groundwater. The water in the wetlands is primarily sourced by discharge from
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a discrete spring near the upslope terminus of the swale, and this water is gradually recharged to the
groundwater as it flows downgradient. The cobbly nature of the underlying soils facilitates the rapid
recharge.

The wetlands receive substantial surface runoff from the upgradient agricultural field, and the net
groundwater recharge likely exceeds the net discharge. The vegetation in the wetlands likely serves to
slow the velocity of the surface runoff entering the swale, thereby furthering groundwater recharge and
reducing storm flow to Perkiomen Creek. The net recharge contributed by the wetlands may play a
significant role in ensuring the availability of water in the many nearby rural residential wells. However, by
this same process, the wetlands could potentially help convey contaminants into the groundwater and the
wells.

Floodflow Alteration (Moderate Value): The vegetation and coarse soils in these wetlands likely detain
surface runoff that would otherwise contribute floodflows to headwater tributaries of Perkiomen Creek.
Thus, the wetlands likely help reduce floodflows to Perkiomen Creek, but effect is cumulative over the
hundreds of similar wetlands that occur in the tatter's watershed.

Fish and Shellfish Habitat (Low Value): Nowhere in the wetland complex are water levels high enough
to support significant populations of even the smallest fish species.

Sediment/Toxicant/Pathogen Retention (High Value): The ability of the wetlands to detain surface
runoff from the agricultural field may also help reduce the migration of sediment and other undesirable
substances, including fertilizers and pesticides.

Nutrient Removal/Retention/Transformation (High Value): This function is closely related to the
retention function discussed above, and the wetland complex is likely to be of significant value with regard
to both.

Production Export (Low Value): The small size of the wetland complex and its physical isolation from
other wetlands and aquatic systems (except perhaps during storm flows and peak baseflow conditions in
the late winter and early spring) suggest that its contribution of nutrients and prey sources to other
ecosystems is likely to be minimal.

Sediment/Shoreline Stabilization (Low Value): The wetlands are not located close to either large
streams or open waters, where they could play a significant role stabilizing erodabte shorelines.

Wildlife Habitat (Moderate Value): The wetlands support a good diversity of indigenous vegetation and
are surrounded by natural forest vegetation that is of good value to wildlife. Furthermore, the transition
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from wetland to upland habitat is natural, and the vegetation is distinctly zoned into belts of herbaceous
vegetation, shrub vegetation, and forest vegetation. The wetlands likely provide a valuable drinking water
source for mammals inhabiting the surrounding upland forest, and they likely provide suitable habitat for
tadpoles and other wetland-dependent amphibians. However, the wetland complex is not a regionally
unique or rare feature, it is not situated close to riparian areas or open waters, and it does not serve as a
strategic linkage between habitats.

Recreation (Low Value): The wetlands are situated on private land that is not accessible to the public or
visible from public roads.

Educational/Scientific Value (Moderate Value): The wetlands are mostly undisturbed and contain
several different palustrine wetland classes (i.e., palustrine emergent, scrub-shrub, and forested wetland
classes). Furthermore, the hydrology is interesting, and spring-fed wetlands on slopes, while not rare, are
a type of wetland not well known or appreciated by the general public. The hydrological interaction of the
springs (groundwater discharge), coarse and cobbly soils, and groundwater recharge is instructive.

Uniqueness/Heritage (Low Value): The wetlands are not listed as an area of statewide or local
significance in the Natural Areas Inventory for Berks County (Berks County Planning Commission, 1991).
There are no individually outstanding features. Although mature forest vegetation completely surrounds
the wetland complex and although the vegetation in the wetlands does not appear to have been
physically disturbed by recent human activity, the swale still receives runoff from the intensively cropped
agricultural land to the immediate east. Thus, it is not a good example of a pristine hillside seep wetland.

Visual Quality/A esthetics (Moderate Value): The complex is aesthetically attractive. It supports a
typical zonation of herbaceous, scrub-shrub, and forest vegetation and is surrounded by mature forest
vegetation. Furthermore, the glade-like appearance of the wettest part of the swale contrasts pleasantly
with the surrounding dense forest, and many of the dominant wetland herbs (especially jewelweed) and
shrubs (especially common elderberry) are attractive summer wildflowers. However, the complex is
entirely surrounded by private property that is part of a working farm and is not visible from any
residences, roads, or public areas.

Endangered Species Habitat (Moderate Value): As noted previously, no federally listed or state-listed
plant or wildlife species are known to occur on the site, although wetlands potentially suitable to the bog
turtle occur in the off-site vicinity.
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3.7.7 Ecological Considerations for Future Site Actions

Remedial alternatives contemplated for the site should be planned to minimize physical encroachment
into the wetland and forested habitats on the site, especially the western and southern slopes of
Blackhead Hill. These slopes support mature forest that provides good habitat for terrestrial wildlife and
stabilizes stony soils on steep slopes that would be highly vulnerable to erosion were the forest to be
cleared. These slopes also contain several seeps, springs, and wetlands that are of significant potential
value in reducing regional runoff and recharging the regional aquifer.

Surface disturbance should be limited to the extent possible without compromising the remedial
objectives and should be located, to the extent feasible, on previously developed agricultural land rather
than in areas that presently support native vegetation. Access roads should be routed to avoid sensitive
habitats. An order of preference for siting any proposed surface disturbance would be as follows:

• Developed areas
• Agricultural land
• Abandoned quarry and borrow pit
• Old Field Perennial Vegetaion
* Successional Hardwood Forest
• Mesic Hardwood Forest
• Oak-Hickory Forest
• Wetlands

Silt fences or other suitable erosion control barriers should be installed on the downslope side of all areas
of surface disturbance. Additional erosion control measures should be considered if physical disturbance
must encroach into areas of natural vegetation.

The hydrology of the wetlands on the western and southern slopes of Blackhead Hill is intimately
connected to the groundwater. The possible reduction of seepage flow into these wetlands must be
considered in the design of any remedial measures involving the withdrawal of groundwater.

Although small wetland areas have been mapped on site, FWS has determined that there are no suitable
on-site habitats for the bog turtle. However, FWS has stated that a bog turtle survey may also be
requested if future remedial action is determined to potentially impact nearby off-site wetlands.

Mitigation for impacts to biological resources should focus on restoration of habitats disturbed by surface
excavations, access road and staging area construction, and other remedial activities that may require
the removal of existing natural vegetation. Surface soils should be left in a loose and friable condition
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conducive to the re-establishment of natural vegetation through the natural Successional process.
Groundwater pumping activities should cease as soon as remedial objectives are met so as to return the
hydrology of the seeps and springs to their original condition. If vegetation and surface soils in wetlands
must be disturbed, the wetland soils should be restored and new wetland vegetation planted as soon as
the remedial action is successfully concluded.

Because the wetlands on the site are hydrologically complex, any attempt to create similar wetlands at an
off-site location would likely be difficult to achieve. If on-site restoration is not possible, mitigation
measures such as protection of similar seepage wetlands on nearby private land should be considered in
lieu of compensatory wetland creation.
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4.0 NATURE AND EXTENT OF CONTAMINATION

This section presents the results of the chemical analyses performed for samples collected during this
investigation, including spring, surface water, sediment, surface and subsurface soils, and groundwater.
Samples were analyzed for TCL VOCs, SVOCs, pesticides, PCBs, and TAL metals, although each
sample was not analyzed for all parameters during every sampling round.

The analytical data obtained through the performance of the Rl and reported in this section include the
results of the multiple soil gas surveys; the surface and subsurface soil results from the soil boring and
test pit program; one full sampling round of the older, existing monitoring wells conducted prior to the
current well installation program; one full sampling round of all monitoring wells conducted at the
conclusion of the well installation program, two full rounds of surface water and sediment sampling; and
additional resampling of selected surface water locations.

The analytical data obtained from the first five rounds of residential well sampling are also included; this
sampling has been conducted under several project work assignments including this Rl, the RD for OU-1,
and the RA for OU-1. These data are discussed neither in detail nor in whole, but are used selectively
where needed to fill data gaps between monitoring well locations. All analytical data from the residential
well sampling program are discussed in detail in the Data Summary Evaluation Reports prepared for each
round (Tetra Tech NUS, 1999 and 2000).

Additional soil samples were obtained by the EPA Removal Section during the excavation of the buried
drums and contaminated soil. These samples include waste characterization analyses of waste materials
discovered within a few drums, the contaminated soil, and confirmation samples from the floor and
sidewalls of the excavation.

4.1 NATURE OF GROUNDWATER CONTAMINATION

Two rounds of groundwater samples were collected from monitoring wells between September 1996 and
June 1999. The first round included sampling of 19 of 21 existing wells (two were dry) prior to the Rl well
installation program, and the second round included sampling of 19 of the 21 existing wells and of the 41
newly installed wells at the conclusion of the Rl well installation program. Groundwater samples were
analyzed for TCL VOCs, SVOCs, pesticides and PCBs, TAL metals, and miscellaneous parameters. The
full set of analytical data from these sampling rounds are presented in Appendix F and summarized in
Table 4-1 (organics) and Table 4-2 (inorganics).
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Two full rounds of groundwater samples were collected from selected non-potable springs throughout the
study area. The first sampling round was conducted in August and September 1996, immediately prior to
the first round of monitoring well sampling. The second round was conducted in April 1997. Selected
springs have been resampled at various times subsequent to the second full sampling round. The
analytical parameters for these rounds varied, and are discussed in Section 2.0. The full set of analytical
data for the springs are grouped with the surface water and sediment results and are presented in
Appendix G. These data are summarized in Table 4-3 (for surface water) and Table 4-4 {for sediment).

Five rounds of groundwater samples were collected from residential wells and potable springs between
September 1995 and August 1999. All groundwater samples from each round were analyzed for TCL
VOCs. Selected groundwater samples were analyzed for TCL SVOCs, pesticides/PCBs, and TAL
metals, although every sample was not analyzed for each parameter during each round. The full set of
analytical data from these sampling rounds are presented in Appendix H and summarized in Table 4-5.

4.1.1 VOCs

The primary contaminants that were detected in groundwater were chlorinated VOCs. TCE was the most
frequent and dominant groundwater contaminant relative to the number and magnitude of detections, and
was so pervasive that the extent of the plume can largely be defined solely on the occurrence of TCE.
Other common VOCs detected at varying concentrations and spatial distributions within the plume
included PCE and cis-1,2-DCE. Many other VOCs were detected less frequently and at generally lower
concentrations.

TCE was frequently detected in samples taken from monitoring wells, residential wells, and potable and
non-potable springs. TCE was detected in 56 of 79 monitoring well samples at concentrations ranging as
high as 190,000 ug/L in the vicinity of the borrow pit (at HN-23I), in 70 of 309 residential well samples at
concentrations ranging as high as 3,800 ug/L west of the site along Dale Road (at RW-99), and in spring
samples at concentrations ranging as high as 3,000 ug/L immediately downgradient from the EPIC pit
area at SW-11 (Spring No. 101).

PCE was commonly detected in samples taken from monitoring wells, residential wells, and potable and
non-potable springs. As discussed in Section 4.0, the area! extent of PCE is similar to the extent of TCE,
but at generally much lower concentrations. PCE was detected in 30 of 88 monitoring well results at
concentrations ranging as high as 6,000 ug/L in the vicinity of the borrow pit (at HN-23I), in 50 of 313
residential well samples at concentrations ranging as high as 150 ug/L west of the site along Dale Road
(at RW-99), and in spring samples at concentrations ranging as high as 120 ug/L immediately
downgradient from the EPIC pit area at SW-11 (Spring No. 101).
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Cis-1,2-DCE was detected in many samples taken from montoring wells, residential wells, and potable
and non-potable springs. As discussed in Section 4.0, the areal extent of cis-1,2-DCE is not as
widespread as that of TCE or PCE, and appears to be largely restricted to the portion of the groundwater
plume emanating from the EPIC pit area. Cis-1,2-DCE was detected in 13 of 88 monitoring well samples
at concentrations ranging as high as 280 ug/L immediately downgradient from the EPIC pit area {at HN-
18S), in 33 of 214 residential wells at concentrations ranging as high as 270 ug/L west of the site along
Dale Road (at RW-20), and in spring samples at concentrations ranging as high as 1,100 ug/L {reported
as total-1,2-DCE) immediately downgradient from the EPIC pit area at SW-11 {Spring No. 101). The
analytical events reporting only the total concentration of this chemical (cis- plus trans- species) are
interpreted to dominantly represent the cis- species, based on the relative concentrations of the species
for the sampling events where the species were differentiated.

4.1.2 SVOCs

SVOCs were not common in groundwater. The common laboratory contaminant bis (2-ethylhexyl)
phthalate was detected in one monitoring well sample (and its field duplicate) at a maximum
concentration of 3 ug/L (HN-15D), and in three residential well samples at a maximum concentration of 9
ug/L. There were many detections of this chemical elsewhere that were ultimately qualified as blank
through the data validation process. Di-n-butylphthalate was detected in three residential well samples at
a maximum concentration of 1 ug/L.

4.1.3 Pesticides and PCBs

Pesticides were detected infrequently in groundwater. Aldrin was detected in two monitoring well
samples at a maximum concentration of 0.065 ug/L (MW-4R). Endosulfan sulfate and Endrin ketone
were each detected once, at concentrations of 0.037 ug/L and 0.056 ug/L, respectively. No pesticides
were detected in any residential well samples.

PCBs were detected very infrequently in groundwater. No PCBs were detected in any monitoring or
residential well samples. One PCB (Aroclor-1260) was detected once at a concentration of 0.13 ug/L
from off-site Spring No. 177 (surface water location SW-15).

4.1.4 Inorganics

Inorganic constituents were very common and abundant in the groundwater, which was expected
because various metals and minerals are naturally occurring and pervasive within the medium.
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Therefore, it is important to delineate the background (ambient) conditions in order to properly evaluate
the impact or potential impacts of the site on the inorganic quality of the area groundwater.

The baseline risk assessment for groundwater (Section 6.0) evaluated the risks associated with the
center (or most highly-contaminated portion) of the VOC plume, which was defined as the groundwater
containing VOC concentrations equal to or greater than 1,000 ug/L. This plume (which originates at and
includes the site's source areas) largely occupies, and is mostly restricted to, the area underlying
Blackhead Hill. It is a reasonable hydrogeological conclusion to assume that the highest concentrations
of any inorganic groundwater contamination attributable to the solvent disposal would also occur within
the center of the VOC plume, given the assumed common source areas, the same migration pathway,
and the generally tower mobility of the inorganics relative to the organic compounds.

Background or ambient groundwater quality was determined through the identification of 20 potable wells
located hydraulically upgradient from both the farm and the detached plume that occurs along Huffs
Church Road (see Section 4.1.5.8). A statistical comparison of the inorganic analyses from these potable
wells versus the inorganic analyses (total metals) from the monitoring wells located within the center of
the plume indicated that the following metals occur at statistically elevated levels within the center of
plume, and are considered to be potentially attributable to the site: aluminum, barium, chromium,
manganese, potassium, and vanadium.

The identification of elevated inorganic concentrations through this statistical comparison is very
conservative because the test compares the inorganic levels in potable wells {which typically have very
low to n on-detectable turbidity levels) to the total metals within the monitoring wells, many of which
contained very turbid groundwater despite well development efforts. Therefore, it is likely that many of
the elevated inorganic detections within the monitoring wells may be attributable to the suspended
sediment within the samples, and are not indicative of elevated inorganic concentrations dissolved within
the groundwater.

4.1.5 Current Distribution of Groundwater Contaminants

The current distribution of groundwater contaminants in the immediate vicinity of the site and within the
entire study area is discussed in this section. Contaminant distribution maps were constructed using
analytical data from all available sources, including monitoring wells, residential wells, and potable and
non-potable springs. As will be seen, portions of the groundwater plume (west of Dale Road and the
southernmost extent of Forgedale Road) are largely defined or bound by the results from residential
wells, which inherently leads to some uncertainty in the extent of contamination due to the unknown
construction characteristics of the residential welts.
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4.1.5.1 TCE

The vertical and lateral distribution of TCE in the immediate vicinity of the site and within the entire study
area is discussed in this section. During the comprehensive sampling round of all monitoring wells, the
TCE detections from a subset of the wells, were qualified as "B" (blanked) by the data validation process
due to the presence of TCE in a QA/QC (trip blank) sample. These blanked data were subsequently
used to aid in the delineation of the nature and extent of the TCE {and posted on the figures included in
this section) because they were the only data available for some of those wells, and because it was
assumed that the supposed trip blank was actually a well sample that had been mislabeled either in the
field or in the laboratory. Subsequent to these interpretations, the wells were resampfed during June
2000 to investigate if TCE existed in these concentrations. The results of this resampling effort
(summarized in the table below) indicated the presence of TCE in concentrations generally very similar to
the concentrations detected in the original sampling round and verified the validity of the interpretations of
the extent of this groundwater contaminant (concentrations are listed in units of ug/L).

Well
MW-1 .2 OB
MW-3 OB
MW-3 DOB
MW-5 DOB
MW-6OB
HN-06 D
HN-10 D
HN-12 I
HN-12 D

Blanked
Concentration

1800B
150 B
460 B
220 B
1 B

1200 B
53 B
130 B
3700 B

Resampled
Concentration

700
83
300
100
ND
700
230
78
8700

Shallow Groundwater Zone
The distribution of TCE within the shallow groundwater zone in the immediate vicinity of the farm is
illustrated in Figure 4-1. The map shows that the highest concentrations of TCE were detected
immediately downgradient of the borrow pit (HN20S at 7,500 ug/L) and in the numerous shallow
groundwater monitoring points located within the topographic saddle between the quarry area and the
trash dump area (including HN10S at 1,200 ug/L, HN18S at 2,300 ug/L, MW1.1OB at 4,300 ug/L,
MW1.2OB at 1,800 ug/L, and Spring No. 101 at 3,000 ug/L). As discussed in Section 3.6.2.2, the
topographic saddle is a zone of groundwater convergence, and groundwater may enter this area from
multiple directions, including from the north (trash dump area), from the south (quarry area and borrow pit
area), and from the east (EPIC pit area).
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The areal distribution of TCE and the directions of groundwater flow indicate that the borrow pit area and
the EPIC pit area are source areas for this contaminant. The contaminant concentrations at the water
table in the immediate vicinities of these sources are not known, because there are no monitoring wells in
close proximity to these areas. The TCE levels detected south of the borrow pit is interpreted to be
flowing solely from the borrow pit due to the presence of the local groundwater divide extending
northeastward through the borrow pit (see Section 3.6.2.2), and the lack of contamination at well cluster
HN-22, which was installed along the divide and directly between the borrow pit and the EPIC pit. The
TCE detected within the topographic saddle is interpreted to be a combination of contamination flowing
from the borrow pit area (since this source is located on a topographic divide) and the EPIC pit area.
Based on the historic n on-detections for TCE at well cluster MW-2, the trash dump area is not interpreted
to be a significant source of this contaminant, although minor concentrations of TCE were detected in the
trash dump soils (Section 4.2.1). It cannot be stated with certainty whether the quarry area is a source of
TCE, although the results of the soil gas survey (Section 4.5) would suggest that it is not.

As discussed in Section 3.6.2.2, there appears to be at least some component of groundwater flow from
the source areas westward and beneath Blackhead Hill. The detection of TCE at monitoring well HN-11S
(at 93 ug/L) appears to support this hypothesis. The intake screen for this well spans the subsurface
depth interval of 45 to 55 feet, which is topographically above the floor of the adjacent Dale Valley.
Based on the steep local surface topography and the knowledge that the direction of shallow groundwater
flow near the water table is approximately perpendicular to the surface topography, it is unlikely that any
groundwater flowing southward from the borrow pit or westward through the topographic saddle could
migrate to the vicinity of HN-11, unless the rates of horizontal dispersion were much greater than would
typically be anticipated for this hydrogeologic setting. The contamination at HN-11, therefore, may result
from the westward flow of contaminated groundwater from the source areas and beneath Blackhead Hill.
Alternatively, there may be another source located west of the borrow pit and EPIC pit areas {for
example, the quarry), although as discussed above, the results of the soil gas survey did not indicate any
potential sources in this area.

The total extent of the TCE plume within the shallow groundwater zone throughout the study area is
illustrated in Figure 4-2. The two most notable features concerning the TCE plume within the shallow
groundwater are the discontinuous nature of the plume near the base of Blackhead Hill and the total
length of the plume (approximately 2 miles). Each of these features is discussed below.

The discontinuous nature of the plume within the shallow groundwater zone is interpreted to reflect the
strong downward vertical gradient beneath Blackhead Hill and the groundwater migration patterns in the
general vicinity of the hill. As discussed in Section 3.6.2.2, the patterns of groundwater flow in this area
are complex, but primarily involve a strong component of downward vertical flow (recharge) within the
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entire aquifer beneath the hill, and discharge within the shallow groundwater zone within the Dale Valley.
The dissolved contaminant plume would be expected to follow similar migration patterns because it
migrates with the groundwater. The non-detections or very low concentrations of TCE within the shallow
groundwater zone at locations along the base of the hill (including MW-5, MW-6, and MW-7), therefore
represent a transition zone that is not strongly influenced by either the contaminated groundwater
originating at the upgradient source areas or the contaminated groundwater discharging further
downgradient within the valley; the groundwater within this transition zone is primarily sourced by
recharge originating downgradient from the source areas atop the hill.

Within the shallow groundwater zone, the lower portion of the TCE plume (Figure 4-2) begins at the
emanation point of spring location S-180 (SW/SED Location 10), where the contaminated groundwater
begins to discharge within the Dale Valley. The TCE concentrations at this spring (ranging from 380 ug/L
to 486 ug/L) and at spring location S-64 (SW/SED Location 8) (0.6J ug/L in the surface water but 86.5
ug/Kg in the sediment) indicate that significant concentrations of TCE are discharged from springs located
immediately adjacent to Perkiomen Creek; it is not unreasonable to assume that similar concentrations
discharge directly into the creek. The total length of the shallow plume (as defined by the 1 ug/L contour
line) is approximately 2 miles (10,400 feet), although it is difficult to accurately define the downgradient
extent of the plume due to the lack of data within the shallow groundwater zone in this vicinity. For this
figure, the downgradient extent of the plume was determined by the historical non-detections of VOCs in
residential spring S-46, and the detection of TCE at 14 ug/L in surface water sample SW-17, taken just
upstream from residential location W-72, and the inherent assumption that the concentrations of
contaminated groundwater discharging into the stream are at least as great as the (probably diluted)
concentrations detected within the flowing surface water body.

Intermediate Groundwater Zone

The distribution of TCE within the intermediate groundwater zone in the immediate vicinity of the farm is
illustrated in Figure 4-3. The map shows that within this depth zone, the plume of contaminated
groundwater exceeding 1,000 ug/L has expanded in areal extent relative to the extent of the shallow
groundwater plume; the plume underlies a large portion of the farm; and the plume extends downgradient
and downhill into the Dale Valley. The bilobed nature of the plume beneath Blackhead Hill (with western
and southern lobes) is clearly evident in the 1,000 ug/L contour. The groundwater between the lobes is
still significantly contaminated, but at relatively lower concentrations. The significance of this plume
geometry is discussed below.
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The highest concentrations of TCE are detected within the southern lobe of the plume, immediately
downgradient of the borrow pit. For hydrogeologic reasons similar to the previous discussion for shallow
groundwater, the contaminated groundwater in this area is interpreted to be sourced solely from the
borrow pit TCE concentrations in this area include HN-1 (24,000 ug/L), HN-20 (24,000 ug/L), HN-19
(41,000 ug/L), and HN-23 (190,000 ug/L). As discussed in Section 3.0, these wells are located either
along or in close proximity to a geological fault that has increased bedrock fracturing and enhanced
aquifer transmissivity. Also, each of these wells is completed near the base of the saprolite or more
highly-fractured bedrock, just above the transition to the less-fractured, fresher bedrock. The high
contaminant concentrations in these wells are hypothesized to reflect both the proximity of the wells to the
source zone (the borrow pit area) and the fact that the wells are located along an enhanced groundwater
migration pathway.

The TCE concentrations downgradient of the borrow pit suggest the potential presence of dense, non-
aqueous phase liquid (DNAPL) or a high-concentration residual phase beneath the borrow pit. As
discussed in Section 2.0, DNAPL screening was performed during the drilling of the boreholes in this area
and all results were negative. This does not mean, however, that DNAPL could not occur further
upgradient and closer to the source, beneath the borrow pit. A generally accepted threshold
concentration indicating the potential presence of a chemical in DNAPL form is 1% of the chemical's
water solubility. In other words, if the dissolved concentration is greater than 1% of the water solubility,
the presence of DNAPL should be suspected. (Cohen and Mercer, 1993; Pankow and Cherry, 1996).
The solubility of TCE is 1,100 mg/L, and 1% of this concentration is 11,000 ug/L Therefore, the TCE
concentration at well location HN-23 is greater than 10% of the chemical's solubility, and the TCE
concentrations at well locations HN-19, HN-20, and HN-1 are greater than 1% of the chemical's solubility,
and all are indicative of potential DNAPL beneath the borrow pit.

The analytical history of monitoring well MW-1R (at cluster location HN-1) supports the existence of either
DNAPL or a high-concentration residual phase beneath the borrow pit. Although most of the newly-
installed monitoring wells downgradient of the borrow pit have been sampled only once, well MW-1R has
been sampled three times since 1988, with detected TCE concentrations of 19,630 ug/L (1988), 21,000
ug/L (1996), and 24,000 ug/L (1999). The observation that the dissolved-phase TCE concentrations in
this area have not decreased over 11 years (the concentrations are actually increasing) suggests the
presence of a nearby constant source such as DNAPL or a highly concentrated residual phase. The
observation of a sheen on the discharge water (at a drilling depth of 153 feet) during the drilling of the
borehole at HN-1 D (see Appendix A) also supports the presence of DNAPL in this area. The observation
that the concentrations at HN-1 are increasing over time suggests that the contaminant source may be
migrating towards that well location. That is, the DNAPL may currently be migrating downhill from the
topographically higher borrow pit area.
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The western fobe of the contaminant plume also contains significant volumes of TCE at concentrations
exceeding 1,000 ug/L, but in general, the TCE concentrations within the western plume are one to two
orders of magnitude lower than the more highly contaminated southern plume. The highest
concentrations of TCE within the western plume occur at cluster HN-10, where TCE was detected at
8,500 ug/L in well HN-1011 and 4,200 ug/L in well HN-1012. For hydrogeologic reasons similar to the
previous discussion of shallow groundwater, the contaminated groundwater in this area is interpreted to
be sourced (and flow dominantly westward) from both the borrow pit and the EPIC pit area.

The groundwater that occurs in the vicinity of Blackhead Hill (between the lobes of groundwater
exceeding TCE concentrations of 1,000 ug/L) and downgradient from the borrow pit and EPIC pit areas is
contaminated at levels significantly above the EPA Region 3 risk-based concentration of 1.6 ug/L. The
TCE concentrations in this area range from about 130 ug/L (at HN-121) to 460 ug/L (at MW-3DOB) and
510 ug/L (at residential well W-59). As previously discussed in the discussion of TCE in shallow
groundwater, there appears to be at least some component of groundwater flow from the source areas
westward and beneath Blackhead Hill, resulting in the contaminated groundwater in this area.

The total extent of the TCE plume within the intermediate groundwater zone throughout the study area is
illustrated in Figure 4-4, which depicts a plume of groundwater (contaminated to levels of 10 ug/L or
greater) extending approximately 6,800 feet from the source areas on Blackhead Hill. In contrast to the
shallow groundwater plume discussed above, the plume within the intermediate groundwater zone is
continuous within the total extent of the plume. Overall, the length of the plume within the intermediate
zone does not appear to be as great as the length of the plume within either the shallow zone or the
underlying deep groundwater zone.

The decreased length of the TCE plume within the intermediate groundwater zone relative to its extent
within the shallower and deeper groundwater zones is somewhat problematic. At monitoring well cluster
HN-16, for example, TCE was not detected in the intermediate zone, although it was detected at 120 ug/L
in the shallow zone and 200 ug/L in the deep zone. It is hypothesized that the relatively thick section of
clayey residuum that occurs within the carbonates of the lower Dale Valley (e.g., HN-161, see Section
3.5.2) may result in a zone of lower transmissivity that retards the migration of the plume through this
interval. The greater length of the shallow plume within the lower portion of the study area (south of
cluster HN-16) may also indicate that horizontal migration of the plume within the shallow zone is a more
dominant migration process than the upward vertical migration (discharge) of contaminated groundwater
from the intermediate zone into the shallow zone.
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Deep Groundwater Zone

The distribution of TCE within the deep groundwater zone in the immediate vicinity of the farm is
illustrated in Figure 4-5. The map shows that within this depth zone, the plume of groundwater
contaminated to concentrations exceeding 1,000 ug/L is greater in areal extent relative to the extent of
the intermediate groundwater plume. The bilobed nature of the plume beneath Blackhead Hill remains
clearly evident in the 1,000 ug/L contour.

Within the southern lobe of the plume, the extent and degree to which TCE has migrated into the
fractured bedrock of the deep groundwater zone in the vicinity of and immediately downgradient of the
borrow pit (near the HN-19, -20, and -23 well clusters) is not known, as there are no deep monitoring
wells within this area. The vertical profile of groundwater quality at nearby cluster HN-1, however,
indicates that the transition to fresher, less-fractured bedrock is not a hydraulic barrier that prevents or
retards the downward vertical migration of contaminated groundwater in this area. In fact, the three
zones monitored within the fractured, fresher bedrock at this location exhibit increasing TCE
concentrations with depth. Therefore, it is reasonable to conclude (and also consistent with the strong
downward vertical gradient in hydraulic head) that the contaminant concentrations within the deep
bedrock closer to the source are greater than the concentrations detected within the intermediate wells at
that location, or greater than 190,000 ug/L.

Based on the existing analytical data, the total vertical extent of groundwater contamination near the
source area is not known, as it has been demonstrated that the contaminant concentrations consistently
increase with depth to the total depths of this investigation. It is hypothesized that the base of the
groundwater plume is the base of the groundwater flow system. That is, there does not appear to be a
local or regional "base" to the plume, below which one will encounter cleaner, uncontaminated (or less
contaminated) groundwater. This hypothesis is supported by the TCE concentrations detected at HN-
12D (total depth 305 feet) and HN-1F (263.5 feet), both of which monitor groundwater quality near the
interpreted base of the groundwater flow system.

The western lobe of the plume also contains significant volumes of TCE at concentrations exceeding
1,000 ug/L, but in general, the TCE concentrations within the western plume are less than the more highly
contaminated southern plume. These data also indicate that at this time, all groundwater within the
western lobe that exceeds 1,000 ug/L occurs within the Dale Valley. Unlike the southern portion of the
plume discussed previously, the analytical data in this area indicate that the groundwater within the
deeper, less fractured bedrock is not as highly contaminated as the saprolite and fractured bedrock within
the intermediate zone. For example, the deep monitoring points (WestBay well) at cluster HN-18 (25 ug/L
at a depth of 238 to 255 feet, and 5 ug/L at a depth of 400 to 433 feet) and the deep well at cluster HN-10
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(53 ug/L at a depth of 247 to 257 feet) are significantly less contaminated than the intermediate
monitoring points at these same locations.

Within the Dale Valley, the most highly contaminated water within the deep groundwater zone occurs
immediately to the west and southwest of Blackhead Hill (for example, 6,000 ug/L at MW-4R; 1,600 ug/L
at residential well W-19). It is interesting to note that the area of less-contaminated groundwater {the
area between the two major lobes, or the "shadow zone" behind Blackhead Hill) is still evident within the
deep groundwater zone. It is hypothesized that these horizontal and vertical patterns of groundwater
contamination indicate that the vertical migration of the groundwater plume is much more significant than
any horizontal dispersive processes in the vicinity of Blackhead Hill. This hypothesis is supported by the
steeply-downward vertical hydraulic gradients that exist in this area.

The total extent of the TCE plume within the deep groundwater zone throughout the study area is
illustrated in Figure 4-6, which depicts a plume of groundwater (concentrations of 10 ug/L or greater)
extending approximately 10,000 feet from the source areas on Blackhead Hill. As discussed above, the
zone of the most highly-contaminated groundwater (concentrations greater than 1,000 ug/L) extends
downgradient for a distance of about 5,200 feet into the Dale Valley.

TCE was detected at a concentration of 420 ug/L in the deep monitoring well HN-16D, which is located in
the most downgradient portion of the Dale Valley carbonates. Residential well W-58, which is located
adjacent to and southwest of cluster HN-16, has been sampled fairly regularly since 1991, and
consistently exhibits TCE detections ranging from about 160 to 260 ug/L. Although the actual well depth
of W-58 is not known, the TCE concentrations (relative to the vertical distribution of contaminants at
cluster HN-16) suggest that it is a fairly deep well. The observations that the detections of TCE at W-58
are consistent and occur within a relatively narrow concentration range suggest that the deep
groundwater plume within the Dale Valley carbonates may be at or near steady-state condition.

Residential well W-42 is located along lower Forgedale Road, where the groundwater plume has
migrated out of the Dale Valley carbonates and back into the crystalline gneiss. The resident reports that
the depth of well W-42 is 173 feet. This well has been sampled regularly since 1992 and consistently
exhibits TCE detections, but unlike residential well W-58, the concentrations in this well have consistently
increased from about 10 ug/L in 1992 to about 70 ug/L in 2000. This pattern of steadily increasing
contaminant concentrations may indicate that the lower portion of the plume is continuing to migrate
downgradient (at lower velocities due to the lower transmissivity of the crystalline bedrock), and is not yet
at a steady-state condition.
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The total extent of the plume along the lower portion of Forgedale Road is difficult to define due to the
relative lack of well control in this area. Residential well W-72, located just south of well W-42,
consistently exhibits detections of TCE at concentrations generally less than 10 ug/L, although some of
these detections have been blanked (qualified "B") through the data validation process. The furthest-
downgradient detection of TCE to date (0.4 ug/L in 1995) has been at residential well W-43, which is
located about 12,400 feet downgradient of the sources on Blackhead Hill. Subsequent analyses of
groundwater from this well have not contained TCE. These detection patterns are consistent with those
expected near the leading edge of a plume, and especially one that is further complicated by fracture-flow
mechanics.

4.1.5.2 PCE

The areal extent of PCE throughout the study area is similar to the extent of TCE, but the detections of
PCE are not as consistent, and, when detected, the PCE concentrations are generally lower than the
TCE concentrations by several orders of magnitude. The total extent of the groundwater plume can be
defined by the distribution of TCE. Sample locations with detections of PCE will also have detections of
TCE, but conversely, all locations with detections of TCE will not have detections of PCE. Therefore,
isoconcentration maps were not prepared.

Shallow Groundwater Zone

The distribution of PCE within the shallow groundwater zone in the immediate vicinity of the farm is similar
to the distribution of TCE. The highest concentrations of PCE are detected immediately downgradient of
the borrow pit (HN20S at 380 ug/L) and in the topographic saddle between the quarry area and the trash
dump area (including HN18S at 40 ug/L, MW1.1OB at 110 ug/L, and Spring No. 101 at 120 ug/L). The
contaminant concentrations at the water table in the immediate vicinities of the source areas are not
known, because there are no monitoring wells in close proximity to these areas. Unlike TCE, PCE is not
detected at monitoring well cluster HN-11, which is located within the hypothesized "shadow zone" behind
Blackhead Hill. It is believed, however, that the absence of PCE at HN-11 is merely a result of lower
contaminant concentrations at the source area with a subsequent reduction due to normal dilution and
dispersion processes, and does not indicate either that the extent of PCE is significantly different than
that of TCE, or that other, unknown source areas of TCE must exist in the vicinity of Blackhead Hill.

The total extent of PCE within the shallow groundwater zone throughout the study area is somewhat
smaller than the total extent of TCE. Like TCE, the PCE plume is discontinuous in nature near the base
of Blackhead Hill due to the vertical patterns of groundwater flow immediately upgradient (recharge) and
downgradient (discharge) from this area. The total length of the PCE plume is approximately 8,000 feet,

L/DOCUMENTS/RAC/RAC3/7525/14688/SEC4 184

RR300537



although it is difficult to accurately define the downgradient extent of the plume due to the lack of data
within the shallow groundwater zone in this vicinity. The furthest downgradient detection of PCE within
the shallow groundwater zone occurs at monitoring well HN-16S, at a concentration of 2 ug/L.

Intermediate Groundwater Zone

The PCE within the intermediate groundwater zone in the immediate vicinity of the farm exhibits a bilobed
distribution pattern that is similar to the distribution of TCE. The highest concentrations of PCE within the
southern lobe of the plume occur in the wells containing the highest concentrations of TCE (as would be
expected), including HN-23 (6,000 ug/L), HN-19 (1,700 ug/L), and HN-20 {1,100 ug/L). The western lobe
of the plume within the intermediate zone is defined solely by the PCE detections within residential wells
W-20 (40 ug/L) and W-59 {20 ug/L).

The distribution of PCE within the intermediate groundwater zone throughout the study area is similar to
that of TCE in that the length of the plume is not as great as the length of the plume within either the
shallow or deep groundwater zones. No PCE was detected within the intermediate groundwater zone
south of the intersection of Forgedale Road and Dairy Lane, although it is recognized that some of the
PCE detected downgradient of this location within the deeper residential wells could have been coming
from intermediate-depth fractures within the open boreholes.

Deep Groundwater Zone

The distribution of PCE within the deep groundwater zone in the immediate vicinity of the farm is similar to
the distribution of TCE, although the mapping of the extent of PCE is similarly constrained by the relative
lack of data or monitoring points.

Within the southern lobe of the plume, the extent and degree to which PCE has migrated into the
fractured bedrock of the deep groundwater zone within the immediate vicinity of the borrow pit is not
known because there are no deep monitoring wells within this area. Similar to the patterns detected for
TCE, however, the vertical profile of groundwater quality at cluster HN-1 indicates that the transition to
fresher, less-fractured bedrock is not a hydraulic barrier that is preventing or retarding the downward
vertical migration of PCE in this area. At HN-1, the three monitoring points completed within the fresh
bedrock (the WestBay monitoring well) exhibited a pattern of increasing PCE concentration with depth, as
concentrations increased from 450 ug/L to 880 ug/L. It is reasonable to assume (and also consistent with
the strong downward vertical gradient in hydraulic head) that the contaminant concentrations within the
deep bedrock closer to the source are greater than the concentrations detected within the intermediate
wells at that location, or greater than 6,000 ug/L.
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The total extent of the PCE plume within the deep groundwater zone throughout the study area is similar
to the extent of the TCE. The plume is approximately 9,600 feet in length, and is defined at its
downgradient extent by a PCE detection of 6 ug/L at monitoring well cluster HN-16, and fairly consistent
PCE detections at residential wells W-58 (typically about 3 ug/L) and, at its most downgradient extent, at
W-42 (typically about 0.8 ug/L).

4.1.5.1 1,2-DCE

The distribution of 1,2-DCE within the immediate vicinity of the farm is illustrated in Figures 4-7 through 4-
9. The contoured values for each map are for total 1,2-DCE, because the cis- and trans- species of this
chemical have not been consistently differentiated throughout the various sampling rounds of this project.
When they have been differentiated, the cis- species consistently is the dominant (or only) species that is
identified.

Shallow Groundwater Zone

The distribution of 1,2-DCE within the shallow groundwater zone in the immediate vicinity of the farm is
illustrated in Figure 4-7. These contours indicate that all of the 1,2-DCE within the shallow groundwater
zone occurs within a groundwater plume that apparently originates at the EPIC pit, and is generally
correlative to the western lobe of the TCE plume. The highest concentrations of 1,2-DCE were detected
immediately downgradient of the EPIC pit at monitoring well HN-18S (280 ug/L) and Spring 101
(SW/SED-11) (1,100 ug/L). There were no 1,2-DCE detections in the vicinity of and downgradient of the
borrow pit, which is the area of the highest TCE concentrations.

The areal distribution of 1,2-DCE in the shallow groundwater zone supports the conclusion that the EPIC
pit and the borrow pit are separate and distinct source areas. In addition, the distribution of 1,2-DCE
supports the conclusion (based on the interpreted groundwater flow directions) that groundwater
contamination from the EPIC pit flows solely to the west, and groundwater contamination from the borrow
pit flows both south and northwest because of a local groundwater divide within the borrow pit. This
conclusion is supported by the absence of 1,2-DCE at monitoring well locations MW-1.1, MW-1.2, and
HN-10, which is interpreted to indicate that the groundwater plume emanating from the EPIC pit does not
strongly impact the wells in this area (possibly due to their higher elevations along the flank of Blackhead
Hill). Accepting this interpretation, the detections of the abundant TCE in these wells must be due to the
northwestward migration of contaminated groundwater from the borrow pit.
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The lack of detections near the borrow pit area are partially due to the higher detection limits for 1,2-DCE
(generally 250 ug/L) that resulted from the very high concentrations of TCE that were detected in this
area. For this particular sampling round that was contoured, these samples were not diluted and
reanalyzed by the laboratories to capture the lower specified detection limit (1 ug/L) for the lesser plume
constituents. However, other samples that have been analyzed at lower detection limits (including the
initial sampling of the older, existing monitoring wells and the repeated sampling of local residential wells)
support the observation that nearly all of the 1,2-DCE occurs within the plume illustrated in Figure 4-7,
and very little 1,2-DCE occurs downgradient of the borrow pit. 1,2-DCE has not been detected (at a
detection limit of 1 ug/L) from either sampling round of the overburden well at cluster HN-1, and was not
detected (at a detection limit of 20 ug/L) from either Spring 178 (SW-13) or Spring 177 (SW-15).

Most of the 1,2-DCE within the shallow groundwater zone occurs on Blackhead Hill or immediately
adjacent to the hill within the Dale Valley. Minor amounts of 1,2-DCE are detected at several
downgradient springs, including Spring No. 180 (SW/SED Location 10) at 0.6 ug/L, Spring No. 181
(SW/SED Location 12) at 0.7 ug/L, and Spring No. 64 (SW/SED Location 8) at 3.0 ug/L in the sediment.

Intermediate Groundwater Zone

The distribution of 1,2-DCE within the intermediate groundwater zone in the immediate vicinity of
Blackhead Hill is illustrated in Figure 4-8. Similar to the shallow groundwater zone, all of the 1,2-DCE
was detected in a groundwater plume that generally corresponds to the western lobe of the TCE plume.
The region of highest concentrations has shifted downgradient (westward) relative to its locations within
the shallow groundwater zone, which is consistent with the downward vertical hydraulic gradient
displayed in this area. The highest concentration within this zone (240 ug/L) was detected in residential
well W-20.

As discussed above, the non-detections of 1,2-DCE near the borrow pit area for the depicted sampling
round are at least partly attributable to the high detection limits for this chemical caused by the very high
concentrations of TCE in the wells. The reported concentrations from previous analyses of duplicate
samples for intermediate well MW-1R (that were rerun at diluted concentrations to capture the detection
limit of 1 ug/L) were 12 ug/L and 16 ug/L. Residential well W-8 (reported to be approximately 130 feet
deep and located approximately 1,500 feet south of the borrow pit), recorded a detection of 0.3 ug/L in
1995, but the chemical has not been detected in three subsequent sampling rounds. Again, these data
indicate that 1,2-DCE is present downgradient from the borrow pit, but at significantly lower
concentrations than downgradient from the EPIC pit.
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All of the 1,2-DCE within the intermediate groundwater zone occurs on Blackhead Hill or immediately
adjacent to the hill within the Dale Valley. No 1,2-DCE was detected within any intermediate-depth
monitoring wells located south of the intersection of Dale Road and Dairy Lane. Very low concentrations
of 1,2-DCE were detected in two residential wells located just south of monitoring well cluster HN-16 in
1995, but there have been no detections since that sampling round. 1,2-DCE was detected at 0.3 ug/L in
well W-58, which is about 200 feet deep and (based on its TCE concentrations) is believed to obtain most
of its groundwater from the deeper groundwater zone. 1,2-DCE was detected in the neighboring well W-
50 at 0.1 ug/L. The depth of well W-50 is not known.

Deep Groundwater Zone

The distribution of 1,2-DCE within the immediate vicinity of the farm is illustrated in Figure 4-9. These
data indicate that the region of highest concentration has continued to migrate downgradient with
increasing depth. The total a real extent of the plume (as defined by the 1 ug/L contour) has increased
relative to the plume's extent within the intermediate groundwater zone, particularly within the Dale
Valley. It is hypothesized that the greater lateral extent of the plume within the valley is a result or
reflection of the higher transmissivity of the carbonate bedrock underlying this area.

1,2-DCE was also detected downgradient of the borrow pit at cluster HN-1, within the WestBay multiport
monitoring well. Within the deep groundwater zone, 1,2-DCE was detected at a concentration of 18 ug/L
within sampling port "E" (202 feet to 214 feet), but was not detected above this depth in port "D" (174 feet
to 188 feet) or below this depth in port "F" (238 feet to 263.5 feet).

The vertical distribution pattern of 1,2-DCE within the plume emanating from the EPIC pit is similar to the
distribution of TCE in the same area. That is, the contaminant is detected throughout the entire
groundwater column, but the abundance of the chemical decreases significantly with increasing depth.
There are insufficient data to conclude whether the vertical distribution pattern of 1,2-DCE downgradient
of the borrow pit area is similar to the distribution of TCE in that area (where the concentrations increase
with increasing depth), although the general pattern of non-detections in the shallow zone and limited
detections in the intermediate and deep groundwater zone indicate that the pattern may be similar.

Nearly ail of the 1,2-DCE within the deep groundwater zone occurs on Blackhead Hill or immediately
adjacent to the hill within the Dale Valley. No 1,2-DCE was detected within any deep monitoring wells
located south of the intersection of Dale Road and Dairy Lane. Residential well W-58, which is about 200
feet deep and is located just south of monitoring well cluster HN-16 (about 7,000 feet south of the borrow
pit), recorded a single detection of 1,2-DCE at 0.3 ug/L in 1995.
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4.1.5.4 Other VOCs

Other VOCs have been detected in on-site and off-site monitoring welts and springs and in residential
supplies throughout the study area. These VOCs however, are generally low in concentration and
restricted or inconsistent in their distribution. The discussion of other VOCs in this section is restricted to
selected chemicais that are believed to be site related either due to their disposal at the site (e.g.,
trichlorofluoromethane) or their transformation from chemicals disposed at the site (e.g., 1,1-
dichloroethene). Certain chemicals that may be site related (e.g., carbon tetrachloride) are not discussed
due to their extremely limited distribution or number of detections, and other chemicals are not discussed
because their distribution patterns make site attribution questionable or uncertain (for example, 2-
butanone and carbon disulfide)

Trichlorofluoromethane (TCFM) is detected within multiple monitoring wells and residential supply wells.
The occurrence and distribution patterns of TCFM are difficult to interpret because it was not consistently
included as a target compound in all analyses, resulting in the restriction of many of the detections to a
tentatively identified compound (TIC). The concentration of TCFM in the groundwater appears to be
closely correlated with the concentrations of the principal site contaminants. That is, the highest
concentrations of TCFM are detected at the same locations containing the highest concentrations of TCE
and PCE, including the area immediately downgradient from the borrow pit (1,000 ug/L at HN-23) and the
monitoring points located downgradient from the EPIC pit (50 ug/L at HN-18 and 124 ug/L at Spring No.
101). In the residential wells, the highest concentrations of TCFM are detected along Dale Road within
an area corresponding to the western lobe of the delineated solvent plume, including RW-20 (maximum
detection of 149 ug/L), RW-99 (30 ug/L), and RW-19 (27.8 ug/L). The total extent of TCFM is similar to
the extent of TCE; TCFM has been detected at a concentration of 0.4 ug/L in residential well RW-42,
which is located approximately 9,600 feet downgradient of the source areas.

The chlorinated solvents 1,1,2-trichloroethane (1,1,2-TCA); 1,1-dichloroethene (1,1-DCE); 1,2-
dichloroethane (1,2-DCA), and vinyl chloride (VC) are detected very inconsistently and at low
concentrations on and within the immediate vicinity of Blackhead Hill. These solvents are interpreted to
be breakdown products formed by the partial dechlorination of TCE or PCE.

The highest concentrations of 1,1,2-TCA occur immediately downgradient of the source areas, including
the borrow pit (2.0 ug/L in intermediate well MW-1R and 4.0 ug/L in deep well HN-1E) and the EPIC pit
area (2.0 ug/L at Spring No. 101). Offsite within the Dale Valley, 1,1,2-TCA is only found immediately
adjacent to Blackhead Hill at concentrations ranging from 0.2 ug/L in RW-19 to 0.9 ug/L in RW-20.
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1,1-DCE was detected downgradient of the borrow pit in intermediate well MW-1R at a concentration of
0.9 ug/L and deep well HN-1E at a concentration of 0.5 ug/L. 1,1-DCE was detected downgradient of the
EPIC pit area in Spring No. 101 at a concentration of 1 ug/L, but it was not detected at monitoring well
cluster HN-18. Offsite, 1,1-DCE was found only within residential well MW-110, at a concentration of 0.2
ug/L.

1,2-DCA was detected downgradient of the borrow pit in intermediate well MW-1R at a concentration of 1
ug/L and deep well HN-1E at a concentration of 0.5 ug/L. 1,2-DCA was detected downgradient of the
EPIC pit area in Spring No. 101 at a concentration of 0.9 ug/L, but it was not detected at monitoring well
cluster HN-18. Offsite, 1,2-DCA was found only within residential well W-99, at a concentration of 0.2
ug/L.

VC was not detected in any monitoring well or residential supply well. VC was detected once at a
concentration of 0.7 ug/L in an aqueous sample obtained from Spring No. 101, located downgradient from
the EPIC pit area. VC was also detected once from a sediment sample obtained from Spring No. 180
(SW/SED Locality 10) at a concentration of 4.0 ug/L. This sample was obtained directly from the
emanation point of the spring, and is believed to represent the groundwater quality at that location.

4.1.5.5 SVOCs

SVOCs were extremely rare within the groundwater throughout the study area, and were largely limited to
low concentrations of the phthalates that are considered to be common laboratory contaminants. During
Round 4 of the residential well sampling program, the supply wells near the site that have been most
heavily impacted by the solvent plume were also sampled for SVOCs. Similar to the monitoring wells, the
SVOC detections were limited to phthalates, including detections of bis(2-ethylhexyl)phthalate in
residential wells RW-58, RW-18, and RW-9 at respective concentrations of 9 ug/L, 3 ug/L, and 1 ug/L,
and detections of di-n-butylphthalate in four residential wells at concentrations at or less than 1 ug/L.

4.1.5.6 Pesticides and PCBs

Pesticides were extremely rare within the groundwater throughout the study area. Aldrin was detected in
two monitoring wells (MW-4R and HN-15D) at concentrations of 0.065 ug/L and 0.018 ug/L, respectively.
Endosulfan sulfate was detected in monitoring well HN-191 at a concentration of 0.037 ug/L, and Endrin
ketone was detected in monitoring well MW-2.1OB at a concentration of 0.056 ug/L. These isolated
detections are not interpreted to result from any site-related disposal of hazardous wastes, but are
believed to represent the predominantly agricultural use of the lands throughout the study area. During
Round 4 of the residential well sampling program, the supply wells near the site that have been most
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heavily impacted by the solvent plume were also sampled for pesticides, and no pesticides were detected
in any well.

No PCBs were detected within any on-site or off-site monitoring wells or residential supply wells. One
PCB (Aroclor-1260) was detected at a concentration of 0.13 ug/L from the emanation point of Spring No.
177 (SW/SED Location 15), which discharges along the slope of Blackhead Hilt, approximately 1,800 feet
downgradient from the borrow pit.

4.1.5.7 Inorganics

The inorganic detections within the groundwater are summarized in Table 4-2 and Table 4-5. As
discussed in Section 4.1.4, evaluating the nature and extent of inorganics within the groundwater (relative
to site impacts or site attribution) is difficult because various metals and minerals are naturally occurring
and pervasive within the medium. The discussion within this section will be limited either to those
inorganics that have been identified by the baseline risk assessment (Section 6.0) as CoPCs within
groundwater at this site, or those inorganics whose distribution suggest that their occurrence could be
attributable to the site. Included within this discussion will be the inorganics occurring as CoPCs in
surface water, since the groundwater-to-surface water pathway could be a significant migration pathway
for any inorganics migrating from the site.

The metals iron, manganese, and lead were selected as CoPCs for the baseline human health risk
assessment (Section 6.0) because their concentrations in the center of the VOC plume exceeded
benchmark screening values (in this case, the EPA Region III risk-based concentrations [RBCs]). The
significance of each CoPC metal relative to its nature and extent on the site and throughout the study
area is discussed below.

The selection of lead as a CoPC is notable because of its widespread and elevated occurrences in the
off-site potable wells that have been sampled multiple times as part of the OU-1 RA. In the conveyance
of analytical results to the residents, these lead detections have been largely attributed to leaching from
household plumbing, well turbidity, or other off-site local influences, although at least some contribution
from the site could not be ruled out. The statistical background comparison test (discussed in Section
4.1.4) indicates that the lead in the off-site potable wells is not attributable to the site. Supporting this
conclusion is the qualitative observation that nearly all of the lead in the center-of-plume monitoring wells
occurs in the total metals fraction (Table 4-2), while lead is rarely detected in the dissolved metals fraction
of each corresponding sample. This indicates that the lead detected in the on-site wells is from local
influences near the well screen and is due to the suspended sediment (turbidity) within that sample, and
suggests that the lead is not migrating as a dissolved phase within the groundwater.
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Iron and manganese are the other inorganics selected as CoPCs for the center-of-plume groundwater. It
is believed that the occurrences of these metals are largely (if not entirely) attributable to the local
geology, rather than the disposal of hazardous waste at the farm. As discussed in Section 3.0, the
bedrock underlying most of the farm is the Byram Intrusive Suite, which is a generally mafic rock
composed of minerals rich in (among others) iron and manganese (Drake, 1984). The groundwater
migrating through this bedrock would be expected to reflect the mineralogy of the bedrock, at least in part.
Therefore, the elevated concentrations of iron and manganese are considered to reflect natural
groundwater conditions. This hypothesis is also supported by the statistical background comparison
(which showed that iron is not elevated in the farm wells versus the upgradient wells) and the pervasive,
elevated levels of iron and manganese in the residential wells throughout the study area, including those
wells located outside of the VOC plume. The significance of the statistically elevated occurrences of
manganese in the on-site monitoring wells (compared to the background wells) is not clear. A qualitative
analysis of the manganese detections (Table 4-2) appears to indicate that much of the on-site
manganese occurs in the dissolved phase, so well turbidity and suspended sediments alone cannot
account for these occurrences. Therefore, the possibility that some of the manganese in the area
groundwater is attributable to the site cannot be ruled out., although it similarly cannot be stated with
certainty that the solvent disposal areas (rather than other unrelated sources) are the source of the on-
site manganese (see Section 4.2.4).

4.1.5.8 Isolated Plume of Chlorinated Solvents in the Huffs Church Road Area

A smaller, isolated groundwater plume of chlorinated solvents was identified in the Huffs Church Road
area through the residential well sampling program that was started for this RI/FS and has continued for
the RA for OU-1. The plume is characterized by low detections of TCE, PCE, and cis-1,2-DCE, and is
approximately 2,500 feet long (Figure 4-10). The groundwater flow direction in this area is assumed
(from surface topography) to be to the northwest toward Perkiomen Creek. Due to the suspected
presence of DNAPL at the site, the complicated and sometimes unpredictable nature of contaminant
migration through fractured bedrock, the uncertainty associated with the use of analytical data from
residential wells to define the extent of plumes, and the potential for the cluster of residential wells to
serve as a local "pumping center," the possibility that this plume is either connected to or sourced by the
main solvent plume emanating from the farm cannot be ruled out. Alternatively, the source area of this
plume may be near the intersection of Huffs Church Road and Greenhouse Lane, based on the assumed
direction of groundwater flow and the lack of chlorinated solvents in the upgradient wells along and east
of Greenhouse Lane. Monitoring wells would be required in this area to better define the horizontal and
vertical extent of contamination and to determine the source of the solvents.
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4.2 SOILS EVALUATION

The full set of analytical data for the soil sampling program are presented in Appendix I. The analytical
results for all parameters are summarized in Table 4-6 (surface soil), Table 4-7 (subsurface soil), and
Table 4-8 (test pit [trash dump] soil).

4.2.1 VOCs

The VOC detections are illustrated in Figure 4-11. VOC occurrences within the soils were rare, and when
found, the VOCs were detected in relatively low concentrations. TCE was detected in the surface soil
and subsurface soils adjacent to the borrow pit (SB-6 and SB-8), and PCE was detected in the surface
soil at SB-8, confirming that the borrow pit was a location of solvent disposal. The relatively low
concentrations of solvents that were detected, however, would appear to indicate that the bulk of the
disposal occurred within soils that have subsequently been removed (creating the borrow pit), and that
little contaminated soil remains in this area to act as a residual source of contamination.

The detection of TCE at the trash dump area (within TP-1) indicates that at least minor amounts of
solvents, or materials and equipment containing solvents, were disposed at the dump. The low
concentration of TCE that was detected in the soil and its lack of detection in the soil gas survey (and the
lack of any VOCs in the survey, to be discussed in Section 4.5), however, would appear to indicate that
only isolated and small quantities of VOCs were disposed within the trash dump, and that the dump is not
a major contributor to the groundwater solvent plume.

4.2.2 SVOCs

The SVOC detections within the site soils are illustrated in Figure 4-12. SVOC occurrences within the
soils were relatively rare, consisted primarily of PAHs, and were limited to a few locations. Most of the
SVOCs were detected within the two test pits dug at the trash dump. The source of the PAHs are not
known, but are hypothesized to possibly represent either the in-situ or transported residue from the
burning of farm waste and trash material, waste oils, or other fluids. The SVOC detections in SB-1 at a
subsurface depth of 8 to 10 feet (and the lack of SVOC detections above this depth) are more difficult to
explain. It is hypothesized that this boring location (which is along the same topographic ridge as the
trash dump) may be within or near a backfilled historical burn pit for farm trash, or debris from land-
clearing activities.
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4.2.3 Pesticides and PCBs

Pesticides were relatively common throughout the site, which was not unexpected given the agricultural
use of the land. The pesticides occurred in low concentrations, and no pesticide was selected as a
chemical of potential concern (CoPC) for the baseline human health risk assessment (Section 6.0). The
occurrence of pesticides in surface soil sample location S-10 is unusual because this sample was
obtained near the crest of Blackhead Hill, in an area that has never been farmed, and is at least 50 feet
above the surrounding fields.

The PCBs detected within the soils are illustrated in Figure 4-13. One PCB was detected at three
different locations. Aroclor-1260 was detected immediately uphill from the borrow pit in the surface soil
sample at SB-5 (40 ug/L), in a surface sample taken along the base of the quarry talus slope at SS-9 (260
ug/L), and at the trash dump in TP-1 (1,000 ug/L), where it was selected as a CoPC.

4.2.4 Inorganics

The concentrations of the inorganics selected during the risk assessment as CoPCs in site soils are
illustrated in Figure 4-14. The concentrations of these same CoPCs in the background soil samples are
illustrated in Figure 4-15.

The CoPCs for the soil medium include aluminum, chromium, iron, manganese, and vanadium (for
surface and subsurface soils), and these same metals plus arsenic and thallium for the test pit soils at the
trash dump. Due to the historical and present land uses at the farm and the fact that metals occur
naturally and abundantly within the earth's crust, it is very difficult to interpret the distribution of metals
throughout the site and form conclusions regarding their genesis or attribution. Ultimately, this report
concludes that none of the metals comprising the CoPCs for the human health risk assessment occur at
elevated concentrations as a result of the unregulated disposal of hazardous waste solvents that has
been the basis of this investigation. The data and observations supporting this conclusion are discussed
below.

The areal distribution of the metals throughout the farm are illustrated in Figure 4-14. Qualitatively, it is
observed that most of the metals occur at most of the locations for both the surface and subsurface soils.
That is, there do not appear to be any discernable patterns regarding the presence or absence of any
metal relative to the source areas at the borrow pit and the EPIC pit. If the metals were disposed
concurrently with the solvents, one would expect to find a "hot spot" of elevated concentrations near the
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disposal area, given the relatively low mobility of the inorganics. The concentrations of the metals,
however, do not appear to be elevated near the source areas. It must be noted, though, that the soils
that would have been the most greatly impacted by the solvent disposal have already been removed
through either controlled (the EPA removal action at the EPIC pit) or uncontrolled (the borrow pit)
excavation and removal activities. The soils that were sampled closest to the disposal areas (including
soil borings SB-3, SB-6, SB-7, and SB-8), however, contain no metals that are not also found throughout
the farm, nor do they appear to contain these CoPCs at elevated concentrations relative to the other soils.

The distribution of inorganic CoPCs in the background surface soils are illustrated in Figure 4-15. No
background subsurface soil samples were obtained. As discussed in Section 2, these background soil
samples were obtained at two neighboring farms. As can be seen, none of the inorganic CoPCs are
peculiar to or restricted to Crossley Farm; each of the metals is also detected in the off-site samples.
Although the number of samples collected were not sufficient to run rigorous statistical tests, a qualitative
screening of the inorganic concentrations of the off-site soils indicate that they are generally comparable
to the concentrations detected on the Crossley Farm.

The bedrock underlying most of the site is the Byram Intrusive Suite, which underlies the entire farm
except for several smaller fault blocks of Hardyston Quartzite. As discussed in Section 3, the Byram
Intrusive Suite is dominated mineralogically by mafic minerals rich in (among others) iron and manganese
(Drake, 1984). The soils that form from the weathering of this bedrock would be expected to reflect the
mineralogy or chemical composition of the parent rock. Therefore, it is believed that the elevated
concentrations of at least iron and manganese at the site are a natural product of the underlying geology.
This conclusion is supported by the presence of numerous historical surface iron-ore pits throughout the
study area, many of which are located in close proximity to the site.

As discussed in Section 1.0, the farm soils regularly receive applications of biosolids (municipal sewage
sludge) from the Upper Montgomery Joint Authority (UJMA). A chemical analysis of the biosolids
(Appendix I) indicates that the representative inorganic concentrations of the biosolids are similar to and
generally greater than the concentrations detected within the site soils by this study (including aluminum
at 20,100 mg/kg; chromium at 660 mg/kg; iron at 129,000 mg/kg; manganese at 1,278 mg/kg; and
arsenic at 19 mg/kg). Therefore, it is reasonable to conclude that a significant (though probably
statistically indeterminate) fraction of the inorganics detected within the site soils are introduced through
the application and tilling of the biosolids for the beneficial use by the crops. It is also reasonable to
conclude that metals have historically been added to the site soils through the application of various
fertilizers for a prolonged period prior to the relatively recent UJMA program.
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In summary, none of the inorganic CoPCs are believed to be attributable or related to the disposal of
hazardous waste solvents at the site. There are no "hot spots" of elevated metal concentrations, and
there is no correlation between the nature and extent of the metals and the locations of the hazardous
waste disposal areas. The presence of the metals at the detected concentrations is interpreted to result
from a combination of the natural soil and bedrock mineralogy, and the introduction of metals through the
historical application of crop fertilizers and the more recent application of the concentrated biosolids for
crops.

4.3 SURFACE WATER EVALUATION

4.3.1 VOCs

The VOCs detected from the surface waters within the study area are summarized in Table 4-3 and
illustrated in Figure 4-16. It is recognized that several of these surface water sampling locations are
seeps or springs (including SW-8, SW-10, SW-11, SW-12, SW-13, SW-14, and SW-15) and the samples
have also been considered and interpreted in the groundwater section of this report. These samples are
also considered and discussed here, because the groundwater emanating from these springs becomes
surface water immediately downgradient of its emanation point, as it flows over the land's surface.

As illustrated in Figure 4-16, surface water contamination (particularly by the chlorinated solvents) is fairly
widespread on site and throughout the study area. This is not unexpected, given the contaminated state
of the shallow groundwater, the numerous springs within the area that receive the discharge of this
shallow groundwater, and the existence of a major discharge zone (the Perkiomen Creek valley) that
basically bisects the study area and also receives the discharge of the shallow groundwater. Because of
these hydraulics, however, it is sometimes difficult to isolate the source of the VOCs at any particular
location. For example, the source of VOCs within the Perkiomen Creek may be an upgradient
contaminated spring (where the VOCs have migrated to the sampling location as surface water flow), or
the source may be contaminated groundwater that is discharging through the creek bed and directly into
the creek at that location.

The highest concentrations of VOCs are detected at location SW-11, which is a spring located along the
western slope of Blackhead Hill within the topographic draw or saddle between the quarry and the Trash
Dump Ridge. As discussed in Section 3.0, groundwater from both the EPIC pit area and the northern part
of the borrow pit migrates through this area, so it is not unexpected that the groundwater at the emanation
point of the spring is highly contaminated with the same VOCs that contaminate the local groundwater.
The primary VOCs detected at this location include TCE, PCE, c,M ,2-DCE, TCFM, and vinyl chloride.
Although the VOC concentrations within the small stream flowing from the spring undoubtedly decrease
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in the downgradient direction due to various fate and transport mechanisms (see Section 5.0), the
detectable levels of TCE (9 ug/L) and cis-1,2-DCE {2 ug/L) within the stream at location SW-21 (about
800 feet downstream from SW-11) indicate that the surface waters within the stream are most likely
significantly contaminated between those points. It may be significant that the concentrations from SW-
11 during the last sampling round (May/June 2000) are markedly lower than previous samples, because
these represent the first sampling results obtained after the removal of the drums and the contaminated
soil at the EPIC pit. Although basing conclusions on one sampling round introduces a high degree of
uncertainty, it is possible that the removal action at the EPIC pit is already improving ground water
conditions throughout this area of the farm.

The detection of VOCs at SW-13 is notable because of the uncertainty associated with the significance of
the detections. Here, TCE and PCE were detected at concentrations of 240 ug/L and 32 ug/L,
respectively. SW-13 is located immediately downgradient from the borrow pit and south of the corn field,
just inside the tree line. The sample is obtained from a PVC pipe protruding from a gentle break in slope.
The origin of this water is uncertain. It was noted throughout the investigation that the field soils just
upslope from the pipe are poorly drained and typically wet. If the pipe represents the discharge from a
drain or tile field underlying the soils, it is not certain if the contamination represents contaminated
groundwater that has discharged at this location and then drained, or uncontaminated surface water that
has become contaminated by percolating through contaminated soils, or both. In either case, it is
probable that the soils at this location contain significant concentrations of VOCs. Alternatively, the pipe
could represent a crude attempt to improve a spring emanating at this location, and the water draining
from the pipe could represent contaminated groundwater discharging directly from the spring, in which
case the field soils would not necessarily be contaminated.

Overall, the surface water results appear notable for the widespread VOC contamination detected at
various levels throughout the study area. Significant concentrations of TCE are detected in the surface
waters far downgradient from the site, including SW-16 (16 ug/L, 6,500 feet south of the borrow pit), SW-
9 (11 ug/L, 7,500 feet south of the borrow pit), and SW-17 (14 ug/L, 10,000 feet south of the borrow pit).
As discussed, it is difficult to assess whether these detections represent contaminated water migrating for
significant distances as surface water within the stream body, water that has discharged from a nearby
contaminated spring, or groundwater that is discharging through the stream bed at that location (or a
combination of any or all scenarios).

4.3.2 SVOCs

The SVOCs detected from the surface waters within the study area are summarized in Table 4-3. One
SVOC, di-n-butylphthalate, was detected at two locations (SW-4 and SW-7) at a concentration of 1 ug/L.
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This SVOC is a common laboratory contaminant that was typically detected in many samples, but
ultimately screened out and removed during the data validation process. These two isolated, validated
detections cannot confidently be attributed to the site, and they are not interpreted to be indicative of
widespread SVOC contamination throughout the study area.

4.3.3 Pesticides and PCBs

The pesticides and PCBs detected from the surface waters within the study area are summarized in
Table 4-3. One pesticide (Delta-BHC) was detected at on-site location SW-20 (the Bass Pond) at a
concentration of 0.0031 ug/L, and one PCB (Aroclor-1260) was detected at off-site spring location SW-15
(downgradient of the borrow pit) at a concentration of 0.13 ug/L. Both of these compounds occur in on-
site soils, and the site is the likely source of both detections.

4.3.4 Inorganics

The inorganics detected from the surface waters within the study area are summarized in Table 4-3. The
concentrations of the inorganics selected as CoPCs are illustrated in Figure 4-17. Because location-
specific risks were calculated at each surface water sampling location, each location has a distinct list of
CoPCs.

The cumulative list of inorganic CoPCs within the surface waters throughout the study area include:
aluminum, arsenic, barium, iron, manganese, thallium, beryllium, cyanide, chromium, lead, and zinc.
Inorganics are abundant and pervasive within the surface waters throughout the study area. Because
minerals are a natural and abundant component of surface waters everywhere, the attribution of any
inorganic to the site must be deduced by means such as comparing the upgradient versus downgradient
presence and abundance of the metals (to determine if the site is adding metals to the medium in
concentrations exceeding the naturally-occurring levels) and comparing the metals occurring as CoPCs in
surface water versus their presence and abundance in the various on-site media (to determine whether
the metals are even present at the site, and if migration pathways exist to account for their presence in
the surface waters).

Surface water locations SW-18 and SW-1 are hydraulically upgradient of the farm (although SW-1 is
located downgradient from the small, isolated VOC plume originating north of Huffs Church Road). There
are no transport mechanisms available to allow for surface water migration from the on-site solvent
disposal areas to these sample locations, although the groundwater to surface water pathway (that is,
groundwater discharging into the creek) does create a migration route for the isolated VOC plume north
of Huffs Church Road to discharge as surface water at SW-1. The inorganic CoPCs occurring at the
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SW-18

0

SW-1
Aluminum
Barium
Iron
Manganeae

174 ufl/L
28.4 ug/L
218 ug/L
12.6 Ufl/L

SW-22
Aluminum
Barium
Iron
Manganeae

684 ug/L
40.7 ug/L
1310 ug/L
32.8 ug/L

SW-2
Aluminum
Iron
Manganeae

398 ug/L
698 ufl/L
25 Ufl/L

SW-11
Aluminum
Barium
Beryllium
Cyanide
Iron
Manganaaa

84.6 Ufl/L
53 ug/L

0.11 Ufl/L
1.7 ufl/L
137 ug/L
5.8 ug/L

N

SW-3
334Ufl/L
22 ug/L

.DUMPr
1DISPOSAL

SW-20
492 ug/L
15.3 Ufl/L
417 ufl/L
7.7 ug/L

LLEGED DRUM " ^ " N 41°'00°
.

prr (EPIC, 1980}
SW-21

Barium
Mangan

42.6 ufl/L
9.3 Ufl/L

SW-4
Iron 339 ug/L

PFT (EPIC, 1955-1969̂ ^

SW-14
Aluminium
Barium
Chromium
Cyanide
Iron
Manganeae

528 ug/L
45.6 Ufl/L

1 ufl/L
1.5 ug/L
708 Ufl/L
40.4 Ufl/L

SW-10
Barium 25 ug/L

SW-13
Aluminum
Barium
Cyanide
Iron
Hanganeaa

241 ufl/L
32.4 Ufl/L
1.8 ug/L
339 ufl/L
4.7 ug/L

SW-5
Iron 214 ug/L

sw-i:
Aluminium
Arsenic
Iron
Lead
Manganeae
Zinc

2
1490 ug/L

3 ufl/L
128000 ug/L

15 ug/L
3790 ug/L
57 ug/L

SW-6
Aluminum
Copper
Iron
Manganeaa
Zinc

297 ug/L
48ufl/L

1530 ufl/L
493 ufl/L
49 ug/L

-N 405,000

SW-15
Iron 1320 ug/L

SW-19
Aluminum
Barium
Hanganeae

25.3 ufl/L
18.2 Ufl/L
5.6 ug/L

SW-8
108 ug/L
15 Ufl/L

^
•̂'V̂ -x

SW-7
Cyanide
Iron
Manganeae

20 ufl/L
392 ug/L
30 Ufl/L

SW-16
Barium
Manganeae
Thallium

17.7 ug/L
5.7 ug/L
2.5 ug/L

SW-9
Barium
Iron
Manganeae

21.1 ug/L
96.4 ug/L
7.5 ug/L

SW-17
Barium
Mangan

19.4 ug/L
6.6 ufl/L

\
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upgradient sampling locations include aluminum, arsenic, barium, iron, manganese, and thallium.
Arsenic and thallium occur infrequently throughout the study area {one upgradient and one downgradient
location each), and each has an upgradient concentration (SW-18) comparable to its downgradient
concentration. Other metats, such as iron, manganese, and barium, are common components of the area
groundwater because of the local bedrock geology and mineralogy. Therefore, none of these CoPCs are
interpreted to be attributable to the site. Although a statistical comparison was not conducted, the
concentrations of aluminum do appear to be elevated in the immediate vicinity and downgradient of the
site, and it is possible that the site is contributing elevated levels of aluminum to the surface water.
However, any connection between on-site aluminum and the disposal of the waste solvents is tenuous,
because aluminum-rich municipal sludge is routinely added to the site soils.

The highest concentrations of many inorganics occur at location SW-12, including aluminum, arsenic,
iron, lead, manganese, and zinc. This location is associated with a seep or spring that is located
approximately 3,100 feet downgradient from the borrow pit, and within an abandoned iron ore pit or
surface mine. The water emanating from this seep at the time of sampling was noticeably colored orange
to rust, and was distinguished from every other aqueous sample by a negative oxidation-reduction
potential (-48 mV) and an extremely low dissolved oxygen content (0.58 mg/L). Although the detection of
TCE within the aqueous sample (albeit at low levels) indicates that this location receives discharge from
and is impacted by the site, the corollary evidence suggests that these metals are naturally occurring and
are not related to the disposal of solvents at the farm.

The distribution of cyanide in the surface waters indicates that it is likely attributable to the site. Cyanide
did not occur at the upgradient sampling locations and was detected at four sampling locations; three of
these locations (SW-11, -13, and -14) are on site and immediately downgradient of the disposal areas,
and the fourth location is off site, but adjacent to the farm and downgradient from the borrow pit (SW-7).

4.4 SEDIMENT EVALUATION

4.4.1 VOCs

The VOCs detected within the sediments are summarized in Table 4-4 and illustrated in Figure 4-18. It is
difficult to interpret these results because it is difficult to isolate or "uncouple" the influence or effects of
the interstitial water chemistry, or the water that occurs within the pore spaces between the sedimentary
particles. Overall, the nature and extent of VOCs within the sediments are very similar to the distribution
patterns exhibited by the VOCs in the surface water. Although many organic compounds may be bound
to the sediments (particularly the clay fraction), it is likely that many of the VOC detections reported for the
sediment medium largely represent an analysis of the aqueous fraction at that sampling location.
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SD-18
ROUND 2 ND /

SD-1
ROUND
Trichloroethene

1
3 J ug/L

2
ND

SD-3
ROUND
Carbon dlsulflde

1
2 J ug/L

SO-2
ROUND 1 ND

JL

SD-11
ROUND
Chlorobenzene
CIS-1.2-DCE
Tetrachloroethene
Total-1. 2-DCE
Trans-1 ,2-DCE
Trichloroethene
Trichlorofluoromethane

1
1 J ug/L
158 ug/L

65.1 ug/L
NA

0.5 J ug/L
6240 ug/L
39 J ug/L

2
ND
NA
4 J ug/L
12 J ug/L
NA
65 ug/L

NA

SI,
/ ^\\ // / "-C-v \\

•N 410.000

ALLEGED DR"IJ y SD"20
IDISR ROUND 2 ND

ROUND 1 ND
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SD-10
ROUND
CIS- 1,2-DCE
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Trichloroethene
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6.9 ug/L
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4 J ug/L

2
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SD-14
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SD-13
ROUND
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ROUND
2-butanone
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3 J ug/L
7.5 ug/L
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9 ug/L

\
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ROUND
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J ug/L
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4.4.2 SVOCs

The SVOCs detected within the sediments are summarized in Table 4-4. The concentrations of the
SVOCs selected as CoPCs for the sediments are illustrated in Figure 4-19. Because location-specific
risks were calculated at each sediment sampling location, each location has a distinct list of CoPCs.

SVOCs are neither common nor abundant within the study area. The areal distribution of SVOCs,
however, indicates that they occur more frequently downgradient from the site than upgradient from the
site, suggesting that the farm may be a source of SVOCs in the sediments. The SVOCs detected at the
downgradient locations (particularly at SD-12, SD-8, and SD-19) are also qualitatively similar to the
SVOCs detected in the soils at the on-site trash dump. Although a drainage pathway does exist between
the trash dump and these sediment locations, it is significant that no SVOCs were detected at the four
sediment locations (SD-11, SD-4, SD-5, and SD-10) that occur between the trash dump and locations
SD-12, SD-8, and SD-19. The lack of SVOCs at the intervening locations is interpreted to indicate that
the detected SVOCs do not originate at the farm. It may be noteworthy that the impacted sediment
locations all lie fairly close to Dale Road; it is possible that run-off from the road may be the source of the
SVOCs.

4.4.3 Pesticides and PCBs

The pesticides and PCBs detected within the sediments are summarized in Table 4-4. The
concentrations of the pesticides and PCBs selected as CoPCs for the sediments are illustrated in Figure
4-19. Because location-specific risks were calculated at each sediment sampling location, each location
has a distinct list of CoPCs.

Pesticides are detected at generally low concentrations within many of the sediments throughout the
study area, which is not unexpected, given the predominantly agricultural use of the land. The detected
concentrations fall within a fairly narrow range, and there are no obvious "hot spots" or point sources of
pesticides, although the concentration of Endrin aldehyde at SD-2 (36 ug/L) is elevated in comparison to
the majority of the samples. SD-2 lies downgradient of the unnamed tributary that drains the on-site stock
pond. Although this tributary lies within a drainage pathway from the site, it does not receive drainage
from either solvent source area (the borrow pit or the EPIC pit area). Therefore, the elevated
concentration of pesticide at this location may be reflective of pest control practices at the farm (or any
area between the farm and the sample location), but it is not interpreted to be related to the disposal of
the hazardous waste solvents.
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SW/SD-18

SD-1
Arodor- 1254 7 J ug/L

SD-2
Endrin aldehyde 363 ufl/L

SD-11
4(4'-DDE
Dletdrin

3.8 J ufl/L
0.26 J ug/L

4,4'-DDE
Dleidrin
Endrin Ketona
Gamma-Chlordane
DJ-n-butytphttiaiate

DLLEGED
ISPOSAL

4,4'-DDE
Mpha-Chlordane
Arodor-1254
Dleidrin
Endoaulran II
EndOHJHan SuHMe
Endrin Aldehyde
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Gamma-BHC
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Benzo(B)pyrene
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5.53 ug/L
200Jug/L
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0.95 3 ufl/L
" 77J ug/L
0.42 3 Ufl/L
0.26 J Ufl/L

SD-20
4f4'-DDE
Alpha-Chlordane
Endrin

2.2 3 ug/L
0.34 J ug/L
0.13 ug/L

•N 410,000

SD-14
1.4 J ug/L
1.9 J Ufl/L
0.47 J ufl/L
0.26 J ufl/L
70J ufl/L

SD-13
M'-DOE
Alpha-BHC
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3.6 J ug/L
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PCBs (Aroclor-1254) are detected at several sediment locations within the Perkiomen Creek, including
the background location SD-1. Although PCBs were detected (rarely) within site soils, they were not
detected within any site sediments. The Crossley Farm (in general) and the solvent disposal areas (in
particular) are not interpreted to be sources of PCB contamination in the off-site sediments because of
the presence of PCBs in the background sediment and the lack of PCBs in the on-site sediments.

4.4.4 Inorganics

The inorganics detected within the sediments are summarized in Table 4-4. The concentrations of the
inorganics selected as CoPCs for the sediments are illustrated in Figure 4-20. Because location-specific
risks were calculated at each sediment sampling location, each location has a distinct list of CoPCs.

The cumulative list of inorganic CoPCs includes every metal on the target analyte list, with the exception
of the common human nutrients of calcium, magnesium, potassium, and sodium. It is difficult to interpret
the distribution of inorganics throughout the study area because, as previously discussed, metals occur
naturally and abundantly within the earth's crust, and certain metals (particularly iron) are so abundant
within the study area that they have been historically mined. The analysis of the inorganic distributions is
further complicated by the fact that once the inorganics have been bound to the sediment particles, their
distribution is primarily controlled by stream hydraulics, and the location that a particular metal is identified
may have little or no correlation to its point of origin (or entry point) within the fluvial system.

The analytical data suggest that the site may be a significant source of some metals. There is
considerable uncertainty associated with this conclusion, including the uncertainty whether the elevated
concentrations of the metals, even if attributable to the site, are associated with the uncontrolled disposal
of the hazardous wastes (solvents) that are the subject and cause of this Rl. The evidence suggesting
that some metals may be site related, and the uncertainty associated with each conclusion, are discussed
below.

Sediment locations HN-1 and HN-18 are considered background locations because they are hydraulically
upgradient of the farm (although HN-1 is located downgradient from the small, isolated plume originating
north of Huffs Church Road). That is, there are no transport mechanisms available to allow for sediment
migration from the farm to these sample locations. Figure 4-20 indicates that ten of the inorganic CoPCs
throughout the study area also occur as CoPCs at least once at these upgradient locations, including
aluminum, arsenic, barium, beryllium, chromium, cobalt, iron, manganese, nickel, and vanadium. Based
on these background occurrences, one might conclude that none of the downgradient detections of these
metals as CoPCs can be attributed to the site. None of these metals, however, are particularly abundant
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LEGEND
A SW/SD-03 SURFACE WATER AND/OR
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ND NO DETECTS

= ROADS WITHIN STUDY AREA
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ALUMINUM
ANTIMONY
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BARIUM
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CHROMIUM
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CYANIDE

IRON
LEAD
MANGANESE

MERCURY
NICKEL

SELENIUM

SILVER

THALLIUM

VANADIUM
ZINC

SD-1
2070

0.97 L

23.3

0,31

3.6

2.3

5570 J

IBS

1.8

SD-2
17200

2.3

96.3

1

59.6

17.4

17.2

32600

11.8

702

17.2

66.6

72.2

SD-3
10800

55.4

21.4

3.2

6490

3.9

121

5.4

25.8

20.2

SD-4
B280

1.1

57

0.6

21.1

7.1

7.7

15900

10.4

IBS

7

29.5

56

SD-5
10100

1.7

65.4

0.7

19

8.2

7.9

16500

13.8

360

8.3

29.1

50.5

SD-6
3000

0.5 L

0.5

20.1

4.1

4

4750

7.5

65.3

7

26.8

SD-7
3840

0.5

24.3

3.9

2.7

5250

9.3

54.5

6.4

24.8

SD-8

1B900

3.6

138

1.8

26.2

17.5

35.5

37500

246

597

3.4

18.5

1.5

0.3

41.5

229

SD-9
4540

0.89 L

48

0.65

10.2

4.3

0.31

9340 J

145

4.4

0.34 L

16.6

SD-10

9070

3.3 L

SB

2.3

0.85

25.6

13.7

10.2

36700 J

534

27.8

1.7 L

2.7 L

33.7

219

SD-11
7580

1.1

185

0.85

12.4

6.4

6.3

0.14

13500

14

840

4.6

0.4 L

17.5

31.7

SD-12
22200

18.3

166

1.6

20.9

14.1

27.8

92200

62.7

1300

0.1

28.5

1.5

0.6

41

263

SD-1 3
BBOO

3.1

41.3

0.74

11.9

5.5

6.5

0.25

15100

167

3.8

0.3 L

21.3

37.2
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at the upgradient locations. Although a quantitative, statistical analysis was not performed, a qualitative
screening of the occurrence tables indicates that none of these inorganic CoPCs occur in the background
samples in concentrations appreciably greater than the approximate midpoint of their concentration
range.

Four sediment sampling locations {SD-2, SD-8, SD-10, and SD-12) contain at least three inorganic
CoPCs at their maximum detected concentrations, and these four locations contain the maximum
detected concentration of all but three of the CoPCs. The significance of these locations relative to site
impacts and attribution is discussed below.

As stated in the discussion of surface water, sediment location SD-12 is associated with a seep or spring
that is located approximately 3,100 feet downgradient from the borrow pit, and within an abandoned iron
ore pit or surface mine. Seven inorganic CoPCs were detected at their maximum concentrations at this
location, including iron, manganese, aluminum, arsenic, nickel, thallium, and zinc; selenium was detected
at a level just below its maximum concentration. Although the detection of TCE within the aqueous
sample (albeit at low levels) indicates that this location receives discharge from and is impacted by the
site, the corollary evidence suggests that these metals are not related to the disposal of solvents at the
farm.

Sediment location SD-10 is located about 500 feet west of SD-12, and about 3,200 feet downgradient
from the borrow pit. SD-10 was collected from the stone-lined outfall of a groundwater spring that
emanates from the northern banks of the Perkiomen Creek. Although the outfall typically is about 15 feet
upgradient of the creek, it is possible that the creek could back-up or flow into this outfall pool during flood
stages. Four inorganic CoPCs were detected at their maximum concentrations at this location, including
beryllium, cadmium, selenium, and silver. The sources of these metals are not clear. As discussed,
beryllium is fairly ubiquitous within the soils and sediment throughout the study area, including the
background sediment locations. Cadmium, selenium, and silver, however, do not have a widespread
distribution. In the on-site soils, the metals are detected most consistently at the trash dump. Although a
drainage pathway normally does not exist between the trash dump and the sample location point, it is
possible that sediment from the trash dump could potentially migrate to this location during the high-water
stages of the creek. It must be noted, however, that neither cadmium, selenium, nor silver were detected
at the intervening (upgradient) sediment sample locations SD-4 and SD-5. In addition, none of the four
CoPCs have been detected within the aqueous (groundwater spring) samples collected at SD-10,
indicating that the metals are not migrating from the site to this location as a dissolved phase within the
groundwater.
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Sediment location SD-8 is located about 5,200 feet downgradient (south) of the borrow pit, and is
associated with a groundwater spring located within an old springhouse along the eastern banks of the
Perkiomen Creek. Three inorganics were detected at their maximum concentrations at this location,
including cobalt, copper, and lead; selenium was detected at a level just below its maximum
concentration. The sources of these metals are not clear. As illustrated in Figure 4-20, cobalt and copper
occur at most sediment sample locations, and are detected within fairly narrow ranges in concentration;
there are no readily apparent trends (upgradient versus downgradient) in their concentrations. Because
cobalt and copper metals are common constituents of soils (and soils are the source of fluvial sediments),
these metals are not interpreted to be site related. The detection of lead at 246 mg/kg at SD-8 is an order
of magnitude higher than any other sediment location. Although lead was detected in on-site soils and
sediments, the concentration patterns do not identify the farm (or any other location) as a "hot spot" or
point source for the lead. Although it may be significant that the next highest detection of lead in the
sediment occurred upgradient in the iron ore pit at SD-12, it is also possible that there are many other
sources of lead throughout the watershed.

Sediment location SD-2 is located about 1,400 feet downgradient from the on-site stock pond, where the
drainage stream from the pond crosses beneath Dale Road. Location SD-2 lies within the drainage
pathway of the site and potentially receives drainage from the farm land located north of the Trash Dump
ridge, but it does not receive drainage from either the borrow pit or the EPIC pit area. Chromium and
vanadium were detected at their highest concentrations at this location. As discussed in Section 4.2.4,
however, both of these metals are ubiquitous within the on-site and off-site soils, and neither is
interpreted to be related to the disposal of the solvents on the farm. Both metals also occur at the
upgradient sediment location SD-18.

4.5 SOIL GAS INVESTIGATION

4.5.1 Trash Dump Area

The results of the soil gas survey at the trash dump are illustrated in Figure 4-21. No soil gas
contaminants were detected at this location.

4.5.2 Quarry Area

The results of the soil gas survey at the quarry area are illustrated in Figure 4-22. No soil gas
contaminants were detected at this location.
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4.5.3 Borrow Pit Area

The results of the soil gas survey at the borrow pit area are illustrated in Figure 4-23. No soil gas
contaminants were detected at this location. In their regional hydrogeologic investigation, Weston (1988)
detected significant and widespread soil gas contamination in the borrow pit area. Although the scale of
Weston's map makes it difficult to determine their exact sample locations, the breadth of the sampling
grid used for this Rl most likely overlapped (and therefore duplicated) some of the Weston sampling
locations. The lack of soil gas detections during this Rl cannot readily be explained, especially given the
highly contaminated groundwater underlying the site. It is hypothesized that possibly, the 1988
detections reflected contaminated soil conditions (rather than the partitioning of hydrocarbons from
contaminated groundwater) associated with the suspected excavation or moving of the drums (circa
1980) to the EPIC pit area, and that the hydrocarbons in these shallow soils were subsequently
attenuated either through natural processes or the frequent plowing or churning of the soils that occurs in
this area during farming activities.

4.5.4 Alleged Drum Disposal Area

The results of the soil gas survey at the alleged drum disposal area are illustrated in Figure 4-24. TCE
was located at one location (AD 3) at a concentration of 1.31 ug/L (and confirmed through another
detection in a field duplicate sample). It is hypothesized that this detection may be a result of the
partitioning of the TCE into the vapor phase from the underlying groundwater plume, rather than an
indication of significant soil contamination in this area. Supporting evidence for this hypothesis includes
the low detected concentration of TCE, the lack of other soil gas detections, the lack of supporting
geophysical evidence that any disposal occurred in this area, and the documented existence of a plume
of contaminated groundwater migrating through this area from the upgradient sources at the borrow pit
area and the EPIC pit area.

4.5.5 EPIC Pit Area

The results of the soil gas survey at the EPIC pit area are illustrated in Figures 4-25 through 4-27.
Significant gaseous concentrations of chlorinated solvents were detected at this location. TCE is the
dominant contaminant in terms of both number of detections and concentrations. TCE was detected in all
samples from which VOCs were detected (11 of 25 total samples) at a maximum concentration of 5,700
ug/L. Other common contaminants included PCE (4 detections at a maximum concentration of 122 ug/L)
and cis-1,2-DCE (3 detections at a maximum concentration of 127 ug/L), and vinyl chloride (2 detections
at a maximum concentration of 6.96 ug/L). Contaminants detected at only one location (and their
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^ncentration) include 1,1,1-TCA (3.37 ug/L), 1,1,2-TCA (1.27 ug/L), benzene (1.19 ug/L), xylene (1.23 c<
g/L), and carbon tetrachloride (122 ug/L). UJ

~ie TCE concentrations and the total flame ionization detector (FID) concentrations are contoured in
gures 4-26 and 4-27, respectively. Both maps yield similar interpretations. The highest concentrations '
VOCs are detected immediately along the inside bend of the farm path in the area that was identified °

bv' the EPIC photo analysis, and characterized in this current investigation as the center of a significant J
sophysical anomaly. As discussed in Section 1.0, a subsequent EPA removal action resulted in the *

ex:cavation and removal of 1,200 drum parts and 15,000 tons of contaminated soil.
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5.0 CONTAMINANT FATE AND TRANSPORT

This section discusses aspects of the fate and transport of site-related contaminants at the Crossley Farm
Site and throughout the study area. The ultimate fate of chemicals in the environment is determined by
several physical, chemical, and biologically related factors. The role that physical properties, such as
specific gravity, solubility, and vapor pressure, play in determining the processes that take place for a
particular chemical (or class of chemicals) is often variable and can vary considerably from location to
location, even within the same contaminant regime. Chemical and biological transformational processes
can also be significantly affected by localized effects.

Various chemical and physical properties affecting contaminant migration and the media (e.g., geologic
influences) that affect their migration are discussed in Section 5.1. No distinctions of location or
magnitude of the chemicals detected at or near the site are made in this section. Section 5.2 presents a
discussion of contaminant persistence. Section 5.3 discusses potential contaminant migration routes.
Section 5.4 summarizes fate and transport mechanisms as they pertain to the Crossley Farm study area.

5.1 PHYSICAL AND CHEMICAL TRANSPORT PROPERTIES

This section provides a qualitative discussion of potential migration of the contaminants found in the
Crossley Farm study area. The physical and chemical properties of the chemicals found in the study
area, where available, are presented in Table 5-1. Partitioning coefficient ranges for detected metals are
displayed in Table 5-2. These parameters may be used to assess the behavior of a chemical in the
environment.

Empirically determined literature values of water solubility, octanol/water partition coefficient (Kow), organic
carbon partition coefficient (KoC), soil-water partitioning coefficient, vapor pressure, Henry's Law constant,
and specific gravity are presented for organic chemicals, as available. Many of these parameters are not
applicable to inorganic chemicals. For inorganics, specific gravity and BCFs have been presented, along
with qualitative descriptions of important environmental fate properties. Calculated values, which were
obtained using approximation methods, are presented when literature values are unavailable. A
discussion of the environmental significance of each of these parameters follows.

5.1.1 Solubility

The rate at which a chemical is leached from a waste deposit by infiltrating precipitation is proportional to
its water solubility. More soluble chemicals are expected to enter water much more readily and rapidly
than less soluble chemicals. The water solubilities presented in Table 5-1 indicate that the VOCs are
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several orders of magnitude more water soluble than SVOCs, which in turn are significantly more soluble
than pesticides and PCBs. This conclusion is reinforced by the fact that VOCs were discovered more
frequently and at greater concentrations in groundwater than in other media. Volatilization of VOCs from
surface media (such as surface soil and surface water) is also an important factor in the observed
distribution of these chemicals.

Chemicals detected in groundwater at concentrations that exceed 1% of their solubility {and have a
specific gravity greater than 1.0) are considered to have the potential to exist as a DNAPL (Cohen and
Mercer, 1993; Pankow and Cherry, 1996). As discussed in Section 4.0, the TCE concentrations
downgradient of the borrow pit suggest the potential presence of DNAPL beneath the borrow pit. The
solubility of TCE is 1,100 mg/L, and 1% of this concentration is 11,000 ug/L The TCE concentrations
immediately downgradient of the borrow pit are as high as 190,000 ug/L, which is greater than 10% of the
chemical's solubility.

Inorganics are ubiquitous throughout all of the site media. The dissolution of metals from naturally
occurring minerals is the typical source of most inorganics in ground water (EPA, 1989). The solubility of
inorganics is strongly influenced by the inorganics' valence states and forms (e.g., hydroxides, oxides,
carbonates). The solubility is also dependent on pH, Eh, and the presence of other ionic species in
solution (the Debye-Huckel theory). Under certain physicochemical conditions, metals may be dissolved
or leached from the soils and rock and transferred from the solid to the aqueous state. Conversely, under
other conditions, aqueous metals (already dissolved in the water) may be precipitated and transferred
from the aqueous to the solid state. Solubility products reported in the literature vary with the type of
complex formed.

5.1.2 Octanol-Water Partitioning Coefficient

The KOW is a measure of the equilibrium partitioning of a chemical between octanol and water. The KOW is
also used to estimate bioconcentration factors (BCFs) in aquatic organisms. A linear relationship
between the KOW and the uptake of chemicals by fatty tissues of animal and human receptors has been
determined (Lyman et al., 1990). Polycyclic aromatic hydrocarbons (PAHs), phthalate esters, and PCBs
are several orders of magnitude more likely to partition to fatty tissues than the more water-soluble VOCs.
The KOW is also a measure of how hydrophobic a compound is (Fetter, 1992), and is useful in
characterizing the sorption of compounds by organic soils when experimental values are not available.
High KOW values suggest a greater affinity for organic compounds to be adsorbed onto solid surfaces.
Relatively simple organic chemical molecules have low KOW values.
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Organic Carbon Partitioning Coefficient

oil/sediment partition (organic carbon partition) coefficient (Koc) indicates the tendency of a chemical
d to soil particles containing organic carbon. This parameter is related to water solubility and KoW.
icals with high KOC generally have low water solubilities, and vice versa. Chemicals such as
olatiles, pesticides, and PCBs are relatively immobile in the subsurface environment and are
entially bound to the soil phase. These compounds are not subject to groundwater transport (in the
^ed phase) to the same extent as compounds with high water solubilities. However, these
cals may still migrate with the groundwater via colloidal transport (for example, a PCB adsorbed
i clay particle). In addition, once adhered to a soil or sediment particle, these chemicals may be
transported by erosional and fluvial processes acting on the adsorbing medium.

ay be used to infer the relative rates at which the more mobile chemicals are transported in
dwater. Complex organic chemicals are relatively immobile and are preferentially bound to the soil
. These compounds are generally not subject to rapid groundwater transport.

Distribution Coefficient

jil-water partitioning (distribution) coefficient (Kd) is a measure of the equilibrium distribution of a
;al or ion in soil/water systems. The distribution of organic chemicals is a function of both the ««
e fractional organic carbon content of the soil (FOC) for the solid and aqueous matrices. The total
c carbon (TOC) may be used to calculate FOC for soils and sediments. The TOC values measured
this investigation were generally consistent and occurred within a fairly narrow range. TOC values
timents (24 samples) ranged between 4,600 mg/kg and 74,000 mg/kg, which equates to an FOC
3 from 4.6E-3 to 7.4E-2 kg organic carbon per kg of sediment. TOC values for soils (4 samples)
I between 1,200 mg/kg and 27,000 mg/kg, which equates to an FOC ranging from 1.2E-3 to 2.7E-2
anic carbon per kg of sediment.

Vapor Pressure

pressure provides an indication of the rate at which a chemical volatilizes from both soil and water.
f primary significance in instances where environmental interfaces such as surface soil/air,
snt/air, and surface water/air are important, rather than in evaluation of groundwater and
face soils. Vapor pressures for VOCs are generally many times higher than vapor pressures for
organic compounds (e.g., Semivolatiles, pesticides, and PCBs). Chemicals with higher vapor
res are expected to enter the atmosphere much more readily than chemicals with lower vapor
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pressures. Volatilization depends upon such factors as total exposed surface area, contaminant
concentrations, and amount of organic matter in the soil.

5.1.6 Henry's Law Constant

Both vapor pressure and water solubility are of use in determining volatilization rates from surface water
bodies and groundwater. The Henry's Law constant (HLC) is the equilibrium vapor pressure of a chemical
above a solution divided by its concentration in the solution (for dilute systems). The HLC may also be
used to calculate the equilibrium contaminant concentrations in the vapor versus liquid phases for dilute
solutions commonly encountered in environmental settings. The HLC is also useful for mass transfer
applications for air-stripping column design.

In general, chemicals with an HLC less than 5E-6 atm-m3/mole should volatilize very little and be present
only in minute amounts in the atmosphere or in soil gas. This rule is very general in nature. HLCs
(generally measured under laboratory conditions) for some of the PAHs, Semivolatiles, pesticides, and
PCBs indicate that these chemicals would tend to volatilize; however, in the environment these chemicals
are strongly sorbed to soil/sediment particles that would keep them from volatilizing into the atmosphere.

5.1.7 Specific Gravity

Specific gravity is the ratio of the weight of a given volume of pure chemical at a specified temperature to
the weight of the same volume of water at a given temperature. Its primary use is to determine whether
pure compounds or very high concentrations of a contaminant will float or sink in water. Chemicals with a
specific gravity less than 1 tend to float, while chemicals with a specific gravity greater than 1 tend to sink.

As shown in Table 5-1, most of the chemicals detected in this investigation {chlorinated hydrocarbons)
are denser than water. As discussed in Section 5.1.1, if the concentrations of contaminants with specific
gravity greater than 1.0 exceed 1% of their solubility, the presence of DNAPL may be considered or
suspected. TCE has a specific gravity of 1.5, and was detected at concentrations greater than 1% (and
as high as 17%) of its solubility. Therefore, TCE is suspected to exist as a DNAPL in the vicinity of the
borrow pit.

5.1.8 Bioconcentration Factor

The BCF provides a measure of the accumulation tendency for chemicals in biological and ecological
systems. BCFs are presented and discussed in detail in Section 7.0. BCFs represent the ratio of
aquatic-organism tissue concentration to the water concentration of a chemical. The ratio is both
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contaminant and species specific, as well as tissue specific. When site-specific values are not measured,
literature values may be used or the BCF may be derived from the KOW. Pesticides and some metals will
bioconcentrate at orders of magnitude greater than those concentrations found in the water where the
exposed species reside.

Bioconcentration is a well-known property of several pesticides (4,4'-DDT, aldrin, PCBs, and chlordane)
and metals (copper, mercury); these types of substances can be stored in fatty tissues of exposed
organisms at concentrations much higher than the environmental concentration. VOCs are not as readily
bioconcentrated as pesticides.

5.2 CONTAMINANT FATE AND PERSISTENCE

Contaminant "fate" refers to the expected final chemical state and media in which an element, compound,
or family of compounds will remain following release to the environment. Chemical contaminants
undergo various reactions in the environment to achieve states of lower thermodynamic energy. The
ultimate state of any chemical contaminant will be that with the lowest thermodynamic energy attainable
in a particular environment. The primary fate processes include sorption, hydrolysis, biodegradation,
chemical speciation, and oxidation-reduction. These fate processes not only help to define what state
and chemistry the potential contaminants of concern will achieve, but they will dictate how the
contaminant will be transported in the subsurface environment. Contaminants can be transported with
little attenuation or retardation due to these processes, or they can be delayed or transformed so that little
migration occurs. Migration is discussed more fully in Section 5.3. The various fate processes,
contaminant properties, and potential fate of the site's contaminants of potential concern are discussed
below.

5.2.1 Sorption

Adsorption is defined as the accumulation occurring at an interface, absorption as the partitioning
between two phases, and sorption as including both adsorption and absorption (Knox 1993). In general,
sorption reactions may be classified as either sorbent- or solvent-motivated. Sorbent-motivated sorption is
when an attraction occurs between the sorbent (subsurface material) and the solute (contaminant), and
the contaminant accumulates at the surface due to the affinity of the surface for the contaminant. An
example of sorbent motivated sorption would be a highly polar or ionizable contaminant interaction with
the cation exchange sites of clay minerals. This type of sorption typically occurs for inorganics and is
more commonly referred to as ion exchange. Solvent motivated sorption occurs when the contaminant is
hydrophobic such as nonpolar organics which prefer nonpolar phases to the polar water phase.
Hydrophobic contaminants will accumulate at an interface or partition into a nonpolar phase (e.g.,
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associate with the organic content of the subsurface medium) rather than remain in the water phase. The
sorption of most neutral organic contaminants falls into the category of hydrophobic, or solvent-motivated
sorption (Knox 1993).

For nonionic organic chemicals and aquifer materials, it has been observed that the fraction organic
content (foe) of the subsurface material is the dominant soil characteristic affecting sorption. While the
partition coefficient (Koc) for a chemical varies widely from soil to soil, normalizing the Koc values by the
soil foe results in a parameter (the organic carbon partitioning coefficient, Kd) that is much less variable.
The significance of the foe of the aquifer materials with respect to the sorption of nonionic organic
chemicals can be attributed to the fact that the organic matter has the highest combined cation exchange
capacity and surface area of the soil size separates (Bailey 1970). Given the Koc of a chemical and
determining a value of the foe of the subsurface material, a value for Kd can be calculated by the
equation

Kd = Koc x foe

Thus the degree of sorption of a chemical to aquifer materials can be predicted if these parameters are
known. An aquifer matrix/contaminant combination with a high Kd would result in a high degree of
sorption of the contaminant to the aquifer materials. The primary contaminants at this site are the volatile
organic compounds migrating with the groundwater. Since the primary flow pathway for the groundwater
at the site is through fractures in the dominantly crystalline bedrock (which are expected have a limited
amount of organic carbon associated with them and thus limited sorption potential), retardation of
contamination due to sorption is not considered to be a significant process at the site for the primary
contaminants. Sorption may be an important process for other contaminants and other media of concern.
For example, the sorption of metals onto the clayey matrix within the site's soil and sediment is most likely
an important process controlling the ultimate fate of these inorganic compounds.

5.2.2 Hydrolysis

Hydrolysis is the reaction of a compound with water. It usually involves the introduction of an hydroxyl
(OH) group into an organic compound, usually at a point of unbalanced charge distribution (Cherry 1983).
The hydrolysis reaction can displace halogens, and may be catalyzed by the presence of acids, bases, or
metal ions. Therefore the rate of hydrolysis is dependent on the pH and metal-ion concentration. Surface
effects also may affect the rate. Halogenated aliphatics are susceptible to hydrolysis, with reactions
proceeding most rapidly for monohalogenated compounds, and much more slowly as the number of
halogen ions increases (Fetter 1993). TCE (the primary contaminant at this site) is a polychlorinated
aliphatic, resulting in a slow rate of hydrolysis.
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5.2.3 Biodegradation

Biodegradation is the transformation of organic chemicals as a result of the metabolic activity of
microorganisms. Rates of biodegradation depend on many factors. Microorganisms require a carbon
source (e.g. organic matter), an electron acceptor (e.g., oxygen, nitrate), nutrients (e.g., nitrogen,
phosphorus, etc.), and various trace elements in order to maintain existing cells and produce new cells.
Many environmental factors also can serve to limit the occurrence of microbial metabolism in the
subsurface. These factors include pH, temperature, toxins, substrate concentration, and the presence of
microbes. Most bacteria find the optimum pH range to be 6.5 to 7.5 and are not able to survive at pH
values greater than 9.5 or below 4.0 (Knox 1993). Microbial activity generally increases with increasing
temperature. The presence of certain compounds may be toxic to microorganisms. Heavy metals, acids,
bases, or high concentrations of the substrate can serve to limit microbial activity. Finally, for
biodegradation to occur in the subsurface, microbes capable of metabolizing (or cometabolizing) the
substrate must be present.

Biodegradation can be either aerobic (in the presence of oxygen) or anaerobic (in the absence of
oxygen). The preferred conditions for biodegradation of halogenated aliphatic compounds are in part
controlled by the number of chlorine ions. Anaerobic conditions are favored for compounds with greater
numbers of chlorine ions (including TCE) while aerobic conditions are favorable for compounds with lower
numbers of chlorine compounds (i.e., dichloroethene and vinyl chloride). As a result, biodegradation of
TCE and its breakdown products (dichloroethene and vinyl chloride) works most efficiently in a sequential
anaerobic-aerobic environment.

5.2.4 Fate and Persistence of Chemical Classes

For the following discussions, general classes of the detected chemicals are addressed because the fate
of chemicals in the environment is usually similar for chemicals within a particular chemical family. The
general classes of contaminants that have been detected from the various site media include:

• Monocyclic aromatics
• Halogenated aliphatics
• PAHs
• Pesticides

PCBs
• Phthalate Esters
• Metals
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Table 5-3 summarizes those contaminants that were grouped into classes for evaluating fate and
persistence, including the inorganics and organic compounds that were detected at the site and
throughout the study area (see Section 4.0). Several minerals and essential nutrients, including
potassium, calcium, sodium, magnesium, iron, and cobalt, were also detected in one or more media.
These substances are not included in Table 5-3.

5.2.4.1 Halogenated Aliphatics

Haiogenated aliphatics, such as TCE and PCE, are subject to reductive dehalogenation via the action of
aerobic and anaerobic bacteria. The preferred conditions for biodegradation of halogenated aliphatic
compounds are in part controlled by the number of chlorine ions. Anaerobic conditions are favored for
compounds with greater numbers of chlorine ions (including TCE) while aerobic conditions are favorable for
compounds with lower numbers of chlorine compounds {i.e., dichloroethene and vinyl chloride). As a result,
biodegradation of the primary site contaminants (TCE and PCE) works most efficiently in a sequential
anaerobic-aerobic environment. It does not appear that appreciable degradation of halogenated aliphatics
occurs in aerobic aquatic systems (EPA, December 1982) or unsaturated soils (Lyman et al., 1990).
Photolysis is not considered to be a relevant degradation mechanism for this class of compounds (EPA,
1982). Limited hydrolysis of saturated aliphatics {i.e., alkanes) may occur, but it does not appear to be a
significant degradation mechanism for unsaturated species (i.e., alkenes) (EPA, 1982).

Transport of halogenated aliphatics from groundwater to surface water can occur as discussed in Section
5.3.2. When discharged to surface water, these compounds tend to volatilize rapidly due to their high
solubility, rather than bind with sediments {see Section 5.3.3).

5.2.4.2 Monocyclic Aromatics

Monocyclic aromatics, such as benzene and toluene are not considered to be persistent environmental
contaminants in comparison to pesticides, PCBs, phthalate esters, and metals. Such compounds are subject
to degradation via the action of both soil and aquatic microorganisms. The biodegradation of these
compounds in the soil matrix is dependent on several factors, including the abundance of microflora,
macronutrient availability, soil reaction (pH), temperature, and oxygen.

Although monocyclic aromatics are amenable to microbial degradation, the rate of degradation cannot be
predicted without information on the availability of nutrients and the type of bacteria present. If these
contaminants discharge to nearby streams and springs, volatilization and biodegradation may occur relatively
rapidly. For example, a reported first-order degradation rate constant for benzene is 0.11 day-1 in aquatic
systems (Lyman et al., 1990). This corresponds to an aquatic half-life of approximately 6 days.
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TABLE 5-3
CLASSES OF SUBSTANCES EVALUATED FOR PERSISTENCE

CROSSLEY FARMS
HEREFORD TOWNSHIP, PENNSYLVANIA

CLASS

Halogenated
Aliphatics

Other
Volatile
Organics

Monocyclic
Aromatics

Polycyclic
Aromatic

Hydrocarbons
(PAHs)

Phthalate
Esters

CHEMICALS

1,1-DCE
1,2-DCA
1,2-DCE (cis)
1,2-DCE (trams)
1,2-DCE (total)
1,1,2-TCA
carbon tetrachloride
chlorobenzene
methylene chloride
tetrachloroethene
trichloroethene
trichlorofluoromethane
vinyl chloride
2-butanone
acetone
carbon disulfide
chloroform
benzene
toluene
phenol
4-methylphenol
anthracene
benz{a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
carbazole
chrysene
dibenz(a,h)anthracene
fluoranthene
indeno(1,2,3-cd)pyrene
pyrene
bis(2-ethylhexyl)phthalate
di-n-butylphthalate

MEDIA TO BE CONSIDERED
Groundwater

X
X

X
X
X
X
X

X
X
X
X
X

X
X

Soil

X
X
X
X
X
X
X

X

Sediment

X

X

X
X
X

X
X
X
X

X
X
X
X
X
X
X
X

X

X
X
X
X
X

Surface Water

X

X

X
X
X
X

X
X

X

X
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TABLE 5-3
Page 2 of 2
CLASSES OF SUBSTANCES EVALUATED FOR PERSISTENCE
CROSSLEY FARM
HEREFORD TOWNSHIP, PENNSYLVANIA

CLASS

Pesticides
and
PCBs

Metals

CHEMICALS

4,4'-DDD
4,4'-DDE
4,4'-DDT
Aroclor-1254
Aroclor-1260
aldrin
alpha-BHC
gamma-BHC (Lindane)
alpha-chiordane
gamma-chlordane
dieldrin
endosulfan I
endosulfan II
endosulfan sulfate
endrin
endrin aldehyde
endrin ketone
heptachlor epoxide
aluminum
antimony
arsenic
barium
beryllium
cadmium
chromium
cobalt
copper
cyanide
iron
lead
manganese
mercury
nickel
selenium
silver
thallium
vanadium
zinc

MEDIA TO BE CONSIDERED
Groundwater

X
X
X

Soil

X

X

X

X

X

X

X
X

Sediment
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Surface Water

X

X

X
X
X

X

X
X
X
X
X

X

X
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Other monocyclic aromatics ate subject to similar degradation processes in aquatic environments (EPA,
1982). However, chlorinated monocyclic aromatics such as 1,4-dichlorobenzene isomers and chlorobenzene
are not expected to be as susceptible to microbial degradation. For example, a reported first-order
biodegradation rate constant for chlorobenzene is 0.0045 day-1 in aquatic systems Lyman et al., 1990). This
corresponds to a half-life of approximately 150 days.

Additional degradation processes such as hydrolysis and photolysis are considered to be insignificant fate
mechanisms for monocyclic aromatics (EPA, 1982). However, some monocyclic aromatic compounds, such
as benzene and toluene, have been shown to undergo clay-, mineral-, and soil-catalyzed oxidation (Dragun,
1988).

5.2.4.3 PAHs

PAHs are common constituents of oil and grease and may be present throughout the site due to
incomplete combustion of burned materials or as runoff from asphalt or roofing materials. Landspreading
applications have indicated that PAHs are amenable to microbial degradation. Studies have
demonstrated that PAHs are much more amenable to degradation in soil matrices than in aquatic
environments (EPA, 1979). Under existing site conditions, the rate of microbial degradation cannot be
predicted without knowledge of microbial populations. PAHs do not contain functional groups that are
susceptible to hydrolytic actions, and hydrolysis is considered to be an insignificant degradation
mechanism. Photolysis may be a major degradation mechanism in aquatic environments but is probably
insignificant in solid materials.

5.2.4.4 Pesticides

Whether pesticides are sprayed, dusted, or applied directly to the soil, the soil is the ultimate sink.
Bioconcentration of pesticides in the food chain is an important fate mechanism. Photolysis of pesticides can
break down some pesticides at a slow rate and is therefore a less important fate mechanism than
bioconcentration. Hydrolysis, oxidation, and photolysis are not generally important fate mechanisms for
pesticides in soil or water. Hydrolysis half-lives are reported for several pesticides in periods of months to
years. Volatilization may be an important loss mechanism for some pesticides (e.g., aldrin and dieldrin) in
aquatic systems.

5.2.4.5 PCBs

PCBs are considered to be very persistent organic chemicals. Biodegradation is the only process known to
transform PCBs under environmental conditions, and only the lighter compounds are measurably
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biodegraded (USEPA, December 1979). Some microorganisms, such as Phanaerochaete chrysosporium,
may biodegrade PCBs, although such fungi may not exist in local soil. There is experimental evidence to
suggest that heavier PCBs (five or more chlorines per molecule) can undergo photolytic degradation, but
there are no data to suggest that this process operates under environmental conditions (EPA, December
1979). Base-, acid-, and neutral-promoted hydrolysis are considered to be inconsequential degradation
mechanisms for PCBs (EPA, December 1979).

5.2.4.6 Phthalate Esters and Other Semivolatile Organics

Phthalate esters are considered to be relatively persistent environmental contaminants. Although numerous
studies have demonstrated that phthalate esters undergo biodegradation, it appears that this is a very slow
process in both soil and surface water. Certain microorganisms have been shown to excrete products that
increase the solubility of phthalate esters and enhance their biodegradation (Gibbons and Alexander, 1989).
Biodegradation of bis{2-ethylhexyl) phthatate and other phthalate esters is an important fate mechanism, as
is bioaccumulation. Hydrolysis of phthalate esters is very slow, with calculated half-lives of 3 years (dimethyl
phthalate) to 2,000 years [bis(2-ethylhexyl) phthalate] (EPA, December 1979). Similarly, photolysis is
considered to be an insignificant degradation mechanism (EPA, December 1982).

5.2.4.7 Metals

The transport and fate of metals in the environment are primarily controlled by sorption to soil/sediment
material. Some key parameters affecting mobility of metals in groundwater are listed in Table 5-2. The
metal-organic relationships, both in soil and water, increase in importance as the organic carbon content
increases. Some metals (e.g., arsenic) are extremely soluble and mobile in the environment. Many other
metals, such as zinc and copper, have an affinity for hydrous iron and manganese oxides, as well as for
organic materials, and are therefore preferentially adsorbed to soil. The mobility of most metals increases as
the soil pH decreases.

Inorganic contaminants with a positive charge (cations) will be retarded by clays exhibiting a net negative
charge, and anions such as chromium (as chromate) and arsenic (as arsenate) will be more mobile in such
an environment. The mobility of metals in soil is also influenced by the metals' ability to form insoluble
precipitates, bind to metal oxides in the soil, or remain insoluble.

Table 5-3 presents the metals of concern for the various media. Many metals are susceptible to
bioaccumulation, to varying degrees. The process of bioaccumulation is discussed in detail in Section 7.0
{Ecological Risk Assessment). Several metals, including arsenic, chromium, lead, and zinc, do not
bioaccumulate to the same degree in freshwater as they do in salt water aquatic systems. One exception is
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manganese, which bioaccumulates to a greater extent in freshwater but is not considered to be very toxic to
ecological receptors. Aluminum and barium do not significantly bioaccumulate in the environment and do not
exhibit significant ecotoxicity. Arsenic, chromium, lead, and zinc are somewhat ecotoxic to aquatic and
terrestrial receptors, and mercury is considered to be very ecotoxic.

At pH values greater than 6.0 in aqueous systems, aluminum has low solubility and generally precipitates
onto sediment or substrate material. At lower pH values, aluminum will mobilize and become one of several
inorganic forms, such as an aluminum monomeric, hydroxide, or fluoride (Hoffman, Rattner, Burton, Cairns,
etal., 1995).

The most common and stable form of arsenic in ambient waters is arsenate. As is the case with other
inorganics (e.g., cadmium, cyanide, lead, mercury, and zinc), warmer water temperatures will increase the
toxicity of arsenic and wilt tend to promote metal accumulation in aqueous systems. Arsenic and forms of
arsenic are extremely soluble and mobile in the environment, which aids their use in fertilizer and pesticide
products.

Chromium exists as several species in the aquatic environment, including the trivalent (Cr+3) and hexavalent
(Cr*6) states. The chromium species were not differentiated by the analytical procedures performed for this
Rl. As Cr*6, chromium is very soluble and is not easily sorbed by clays and metallic oxides. Trivalent
chromium reacts with hydroxide ions to form insoluble chromium hydroxide. Cr+3 is the most likely end
product of chromium in both groundwater and surface water under ambient conditions; however, site-specific
conditions influence speciation. Chromium can bioaccumulate in the food chain and can be adsorbed by
organic chemicals and materials. Due to these properties, chromium is persistent in the aquatic environment.
The mobility of lead in ambient waters is usually controlled by its adsorption to both inorganic and organic
solids, organic chemicals, and hydrous ions, and manganese oxides. Lead bioaccumulates in organisms
and has the potential to be remobilized by biomethylation in the form of tetramethyl lead. The presence of
organic carbon and anaerobic conditions (which seasonally may exist in some area surface waters) would
enhance the potential for this process to occur. The adsorptive and bioaccumulative capacities of lead
enhance its persistence. Organic lead may be absorbed through animal skin, although this type of uptake is
generally not significant Inorganic lead may affect terrestrial receptors through inhalation and ingestion of
food, and exposure routes for aquatic species are more likely to be related to skin and gill absorption. Low
levels of lead are generally not available for uptake by plants.

Manganese is generally present in ambient waters in an insoluble oxidized form (MnO2), which becomes
entrained in sediments. In oxygen-poor waters, chemical reactions may convert the oxidized form to Mn*2,
which is more soluble. If this reaction occurs, manganese concentrations will increase as Mn*2 diffuses
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through interstitial water from underlying sediments. Zinc has an affinity for hydrous metallic oxides, clays,
and organic materials. It is an essential nutrient that strongly bioaccumulates.

5.3 CONTAMINANT MIGRATION FACTORS AND ROUTES

In general, several potential migration routes exist in areas contaminated with hazardous materials. For
the Crossley Farm Site, such migration routes include, but are not limited to,

• Atmospheric migration via particulate or volatile vaporization or fugitive dust emissions
• Overland migration of dissolved or adsorbed contaminants (surface runoff).
• Surface water and sediment transport.
• Leaching from the site to underlying groundwater.
• Groundwater transport to surface soils, surface water, and groundwater.
• Potential aquatic uptake from sediment and surface water.

Contaminants migrating from the site may be transported through one or more environmental media. The
physical and chemical characteristics of those media affect the interactions between the contaminant and the
media and determine how, or if, a given contaminant migrates in a particular medium. The environmental
media identified in Section 4.0 as being potentially contaminated by site activities include surface and
subsurface soil, groundwater, sediment, and surface water. Aquatic and terrestrial species were also
identified as potential receptors for site contaminants.

The factors that have the greatest influence over the mobility of contaminants in the various media include

• Hydraulic conductivity
• Cation exchange capacity
• Organic carbon content
• Gradient

pH
• Reduction/oxidation potential
• Groundwater/surface-water interactions
• Dissolved oxygen
• Temperature
• Specific conductance
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5.3.1 Atmospheric Migration

The first possible route for contaminant migration from the site through the air is the volatilization of
compounds from surface water or surface and subsurface soil (especially if exposed through processes
such as excavation and erosion). The results of the sampling analyses (Section 4.0) indicate that VOCs
were detected very rarely and at low concentrations in the surface soils. Soil gas results at the EPIC pit
indicated that relatively large volumes of VOCs were volatilizing from the contaminated soils and
groundwater, but these soils were ultimately excavated during the subsequent removal action. VOCs
were detected at significantly higher levels in surface waters, particularly adjacent to and immediately
downgradient from the numerous springs that emanate on the site and throughout the study area.

The second possible route for contaminant migration from the site through the air is the generation of
contaminant dusts from surface and subsurface soil. This would be potentially important for metals and
possibly for organic chemicals strongly sorbed to soil particles. Subsurface soil fugitive dust exposure
would depend upon the subsurface material being exposed in some way. Potential future risks to
estimated dust emissions via inhalation of suspended particles from soils are assessed in Section 6.0.

5.3.2 Soil Migration

Surface soils may be transported by water erosion during rain storms and other precipitation events. Along
with overland flow of contaminants, wind erosion may be responsible for the movement of fine-grained
particles on site. These mechanisms are particularly applicable to areas used for growing crops as the
surface soils are exposed after crops are harvested. Observations made during the field investigation
indicate that potentially substantial volumes of surface soil may be transported during major storm events.
The soil properties that affect the potential reaction with the dissolved components in the water include not
only permeability and hydraulic conductivity but also cation exchange capacity, mineral content of the soil,
and the soil organic carbon content.

Overburden present at the site consists of a mixture of soil, saprolite, colluvium and alluvium. Soil and
saproiite are present throughout the site, colluvium is typically present at the base of topographic slopes, and
alluvium is present (to varying degrees) within the Dale Valley. The thickness of the overburden is highly
variable.

The halogenated hydrocarbons (including TCE, PCE, and 1,2-DCE) have relatively low KOC values {14 to 152
mg/l), which suggests poor adsorption to soil carbon. These compounds are not likely to readily bind to soil
and are likely to migrate within the soil matrix. The monocyclic hydrocarbons will also be poorly sorbed to
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soil. However, the metals, pesticides, PCBs, and PAHs would tend to be tightly sorbed to soil particles and
probably are not highly mobile in the environment

The migration of contaminants through the soil partly depends on the capacity for fluid movement through the
subsurface. Hydraulic conductivity is a measure of the rate at which water flows through the soil or rock
under a change in pressure, or head. Soils that are classified silt loams or stony silt loams {see Section
3.4) are generally considered well-drained.

The fate of heavy metals in surface soils may be largely controlled by weathering and the absorptive capacity
of the soil. Absorption will control the amount of heavy metals that can be retained within the soil. The
capacity of soil to immobilize ionic inorganic can be reasonably predicted based on a correlation equation
involving pH and cation exchange capacity (CEC). CEC is a measure of a soil's capacity to adsorb positively
charged ions (such as metals) by adsorption of those ions onto the negatively charged surface of the soil
particles. CECs calculated for two soil samples from soil boring no. 8 and two soil samples from Test Pit no.
2 ranged from 19.6 to 27.2 milliequivalents per 100 grams (meq/100g), and averaged 24.7 meq/100g.

Generally, a soil composed of clay or a clay mixture attenuates (slows) dissolved ions during transport more
than does a clay-free soil. Conversely, a soil composed of well-sorted (i.e., clay-free) quartz sand and gravel
typically has little or no capacity to adsorb or exchange an ionic substance (e.g., metals or radionuclides)
migrating through it. Therefore, soils present at the site atop Blackhead Hill are not expected to significantly
attenuate contaminants via this mechanism, as they principally consist of well-drained silt loams.

The amount of organic carbon present in a soil also increases the relative amount of an organic compound
that will be attenuated by that soil. In effect, the organic carbon content increases the effective distribution
coefficient (K<j) of chemical species in solution. The greater the organic carbon content in the soil, the more
likely it is that organic compounds migrating through the soil will become adsorbed onto the soil and the less
likely they will migrate long distances through it. If appropriate pathways exist, contaminants retained on soils
or sediments could migrate off site with surface water flowing away from the site. The TOCs calculated for
two soil samples from Soil Boring no. 2 and two soil samples from Test Pit no. 2 ranged between 1,200
mg/kg and 27,000 mg/kg, indicating the potential for some contaminants (especially metals, Semivolatiles,
and PCBs/pesticides) to be retained on soils.

The pH factor helps predict the mobility of inorganic species and is defined as a measure of the hydrogen ion
concentration. The pH factor is important with respect to a metal's ability to remain soluble or to precipitate
as a particular salt. Several metals, including lead, are soluble at both basic and acid pH conditions. These
metals are considered amphoteric. The soils atop Blackhead Hill (see Section 3.4) are generally acidic in
nature, with pH values ranging from 5.0 to 7.0. In addition, the groundwater beneath the hill is quite acidic
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(pH generally ranging between 4.5 and 6.5), although buffered conditions exist within the carbonates of the
Dale Valley. The generally acidic nature of the media atop Blackhead Hill indicate a potential for metals to be
mobile within these media.

5.3.3 Surface Water and Sediment Migration

The primary migration route for contaminants in surface water and sediment is via downstream flow.
Dissolved contaminants will move more freely through water and are predominantly influenced by advective
transport (i.e., manually carried with the water rather than diffusion with it). The behavior of particulate
materials (or those contaminants adhered to solid particles) is more complex. These particulates may be
subjected to deposition in bottom sediment, which is a function of size and settling velocity of the particles of
interest. Turbulence forces of the surface water body may keep the particle suspended, depending on the
physical characteristics of the surface water body. In fast moving surface water bodies, the turbulent energy
of the water keeps the particles in motion and may even lead to re-suspension of bottom sediment. In such
cases, contaminant transport may occur by three main mechanisms: truly suspended particles; saltation
("bouncing") of particles along the sediment surface; and as bulk motion of surface sediment. Changing
flow conditions may lead to rapidly altering transport properties.

Contaminants may, to some degree, migrate from sediment to surface water and vice versa. However,
metals and compounds with high organic carbon partition coefficient (Koc) such as phthalates tend to bind
strongly to sediment and migrate slowly, whereas lower-Koc, more highly soluble substances such as
VOCs would tend to stay in the surface water and migrate more rapidly (Versar, 1979). Bioconcentration
by aquatic organisms may also be a significant environmental fate pathway for lead, mercury, and some
pesticides {Versar, 1979; EPA, 1986).

Because the site is on a topographic high and contains several permanent and intermittent surface water
bodies (both streams and ponds), there are multiple surface water drainage pathways and directions (see
Section 3.0). The majority of surface water flow ultimately discharges to the West Branch Perkiomen
Creek.

The fate of the contaminants in sediment is generally controlled by the same processes as the soil (discussed
previously), as the sedimentary particles are basically similar to the soil particles, but in the aqueous
environment. Absorption will control the amount of heavy metals that can be retained within the solid media.
Similar to soils, the capacity of sediments to immobilize ionic inorganics can be reasonably predicted based
on a correlation involving the CEC of the sediments. Although CECs were not calculated for the sediments, it
is reasonable to expect that the sediment CEC should be generally similar to the soil CEC, since sediments
are ultimately sourced either directly from the soils or from the same parent (bedrock) material.
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Generally, a sedimentary composed of clay or a clay mixture attenuates (slows) dissolved ions during
transport more than does a clay-free sediment. Conversely, a sediment composed of well-sorted (i.e., clay-
free) quartz sand and gravel typically has little or no capacity to adsorb or exchange an ionic substance (e.g.,
metals or radionuclides) migrating through it Once absorbed onto the sediment, however, the contaminant
has the potential to be transported significant distances with the sedimentary particles. Based on visual
observations and grain size analyses, the sediment at the site appears to have relatively low clay content.
Therefore, sediments at the site are not expected to either significantly attenuate or disperse contaminants
via this mechanism.

The amount of organic carbon present in the sediment also increases the relative amount of an organic
compound that will be attenuated by that sediment. In effect, the organic carbon content increases the
effective distribution coefficient (Kd) of chemical species in solution. The greater the organic carbon content
in the sediment, the more likely it is that organic compounds will become adsorbed onto the sediment and the
more likely they will migrate with it. Contaminants that are retained on sediments could easily migrate off site
with surface water flowing away from the site. The TOCs calculated for 24 sediment samples ranged
between 4,600 mg/kg and 74,000 mg/kg, indicating the potential for some contaminants to be absorbed onto
the sediments and ultimately transported offsite.

The pH factor helps predict the mobility of inorganic species and is defined as a measure of the hydrogen ion
concentration. pH is important with respect to a metal's ability to remain soluble or to precipitate as a
particular salt. Several metals (e.g., lead, antimony, aluminum, chromium, zinc) are soluble at both basic and
acid pH conditions. These metals are considered amphoteric. The pH of the surface waters in the vicinity of
the site indicate that they are typically neutral to near neutral (pH generally ranging from about 6.5 to 7.5),
except near emanation points such as springs, where the pH is more acidic (pH ranging from about 5.0 to
6.0) and similar to the groundwater sourcing the spring.

5.3.4 Groundwater Migration

Migration and transport of contaminants in groundwater (especially the VOCs) are the most dominant
release mechanisms at the site. Contaminants from the surface and subsurface soils and the vadose
zone within the bedrock can enter the water table and be subsequently transported vertically and
horizontally. As clean meteoric water infiltrates through a zone of contamination, partitioning from the
solid phase (or liquid phase, if the contaminant is present as a DNAPL) into the liquid phase will occur.
The potential amount of chemical dissolving into the infiltrating water is determined by a number of
factors, including residence time, solubility, partitioning factor, and pH of the water.
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Of the groundwater transport mechanisms, advection, dispersion, dilution, and diffusion are believed to
be potentially significant for dissolved contamination at the site. As previously discussed, fractured
bedrock flow systems are not generally favorable to the sorption of organic or inorganic contaminants on
organic matter. In addition, volatilization is unlikely to play a significant role in contaminant transport, as
the highest groundwater contaminant concentrations are found at depth in the aquifer, rather than in the
vadose zone or at the water table.

• Advection. Advection is defined as the movement of a contaminant with the bulk flow of a fluid.
Advection is the dominant transport process for the open fractures within the bedrock at the site,
which act as preferential pathways for dissolved contaminant migration.

• Dispersion. Dispersion is the spreading of a contaminant plume, due to small- and large-scale
geologic heterogeneities in the subsurface media. Dispersion is a significant factor in the
spreading of the contaminant plume at the site. It causes the plume to spread both longitudinally
and laterally from the source area. This results in the groundwater and contaminants
preferentially migrating through the more permeable, open fractures (preferential flowpaths) and
around areas of less fractured/more tightly fractured rock, leading to a transverse spreading of
the aqueous plume.

• Dilution. Dilution is the reduction of contaminant concentrations by the addition of
uncontaminated or less contaminated groundwater to the contaminant plume. Due to the depth
of contamination at the site, the primary source of water to the plume that results in dilution is the
recharge of precipitation.

• Diffusion. Diffusion is a molecular scale thermodynamic process that occurs as a result of a
concentration gradient in the contaminant plume. Contaminant molecules will move from regions
of higher concentration to regions of lower concentration. The process of diffusion within the
site's groundwater plume presents a potentially significant problem regarding the remediation of
the aquifer for two related reasons. First, the aquifer is heterogeneous, and diffusion will tend to
be a primary transport mechanism driving the contaminants from zones of high permeability
(larger, open fractures) into less permeable zones (smaller or tighter fractures). Secondly,
diffusion is a relatively slow process (to reach equilibrium), and contamination at the site has
been present for at least 20 years, and probably much longer. The problem presented by the
diffused contamination in the lower permeability zones within the bedrock aquifer is that the
removal of contamination from these units is limited to diffusion transport. That is, even after the
primary fracture network is flushed with a pump and treat system, the lower permeability zones
will continue to act as latent sources for some time, contaminating the aquifer by diffusion of TCE
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in the now-reverse direction, or from the lower-permeability fractures back to the higher
permeability, but now less-contaminated, fractures.

• Gravity Flow (for DNAPLs). Chemicals present in DNAPL form will have a tendency to migrate
vertically until they encounter a surface which impedes further vertical migration, such as a less-
fracture or unfractured rock layer or the contact between adjacent layered bedrock units. The
higher the specific gravity and the lower the viscosity of a DNAPL, the greater is its tendency to
migrate vertically due to gravity flow. Upward groundwater flow gradients serve to counteract
gravity flow, with the determination of which process overrides the other based on the DNAPL
density and viscosity, the magnitude of the upward gradient, and the sizes of the openings
(intergranular pore size or fracture width, which determines capillary resistance) through which
the DNAPL/water are migrating. The borrow pit area (the area of suspected TCE DNAPL) is
marked by strongly downward vertical gradients. Therefore, the potential exists that the DNAPL
may be migrating downward through the aquifer. This hypothesis is supported by the observation
(as discussed in Section 4.0) that the nearby monitoring well clusters reflect increasing
contaminant concentrations with depth to the total depths of the current investigation. Because
there is also a noted change in fracture density (and probably bulk hydraulic conductivity) at the
interface between the weathered bedrock and fresher bedrock (see Section 3.0), it is also
possible that DNAPL may be migrating downhill (southward) along this interface. This hypothesis
is supported by the observation (as discussed in Section 4.0) that the dissolved concentrations of
TCE at cluster HN-1 (located directly downslope from the borrow pit) have markedly increased
over the past ten years.

5.3.5 Aquatic Uptake

Contaminants entering surface water systems may be in dissolved or particuiate form. Once in a surface
water body, they may remain in original form or may repartition in response to a changed matrix. In the
case of organic contaminants, repartition may take the form of a re-equilibration between dissolved and
absorbed material. Inorganic substances may precipitate if the solubility product is exceeded or dissolve in
response to a more dilute medium. Metals are particularly susceptible to undergoing a wide range of
physical changes or changes in oxidation states leading to a complete change in physical form.

Absorption of inorganic and organic compounds from surface water by an organism involves a number of
steps. These include movement of the chemical to the absorbing membrane, diffusion through these
membranes and into the bloodstream, and transport by the blood to the lipid reservoir. Each of the steps
can be rate-limiting and can control the uptake rate the extent of accumulation.
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Tissue distribution of chemicals is dependent on three processes, binding/partitioning with circulatory fluid
and tissue components, crossing permeability barriers, and distributing via the species- and tissue-specific
blood flows.

Knowledge of bioconcentration of inorganics in aquatic species is limited and varies widely. Metals can
exist in solution as free ions and inorganic complexes, which will affect bioavailability. Metais also form
insoluble organic and inorganic complexes that precipitate and become unavailable for bioconcentration.
The bioconcentration of metals varies widely with species of organism and the specific metals. Some
species of aquatic organisms tend to accumulate high levels of metals (zooplankton), whereas other
aquatic species (fish) closely regulate internal concentrations or sequester the metal with cellular binding
proteins.

Bioconcentration factors for organic materials can vary 100-fold with species and environmental conditions.
The most important chemical property is the lipophilicity of the compound because bioconcentration is a
thermodynamically driven partitioning between the lipid phase of the organism and the surrounding water
with the final state of equilibrium between the two phases. Pesticides and PCB KQW values are several
orders of magnitude above other organics and inorganics at the site and are more likely to partition to fatty
tissues of aquatic organisms, which is evidenced by the sampling results. Some species variation in
bioconcentration may result from differences in the size rather than the species or lipid content of an
organism.

5.4 SITE-SPECIFIC ENVIRONMENTAL FATE OF CONTAMINANTS OF POTENTIAL CONCERN

This section identifies the potential contaminant release and transport mechanisms that were identified
through evaluation of the chemical analytical data and known characteristics of the site. This section will also
address existing and potential migration routes at the site.

Three basic factors influence the potential migration of contaminants:

• Physical and chemical properties of the specific compounds
• Physical and chemical characteristics at the site and in the surrounding study area
• Volume and concentration of contaminants

5.4.1 Surface and Subsurface Soil

Metals and various organic compounds, including monocyclic aromatics, halogenated aliphatics, PAHs,
pesticides, PCBs, and phthalate esters, were detected in surface and subsurface soil at the site. The
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majority of these detections, however, were infrequent or of low levels with the exception of pesticides, which
were frequently detected (although still at generally low levels). This result is not unexpected due to the
agricultural use of the site.

As discussed throughout this report, it is believed that most of the site soils contaminated with VOCs have
been removed either through the controlled removal and excavation activities associated with the EPA action
at the EPIC pit or the uncontrolled removal activities associated with the excavation of the soils at the borrow
pit. The ultimate fate of the contaminated soils excavated from the borrow pit is not known. It is possible that
they were spread elsewhere on the farm, in which case they could continue to serve as a residual source of
contamination, although the excavation and transport activities would have likely resulted in the loss of a
significant volume of VOCs through aeration and volatilization.

The VOCs detected at the site are highly mobile in soil environments; however, these compounds were
detected only at isolated areas of the site and at low levels. The VOCs would tend to move downward into
the groundwater column. The other organics in soils are generally highly sorbed onto soil particles and
generally are immobile in the environment.

The metals detected at the site are generally immobile in the environment, with the exception of overland flow
or fugitive dust emissions at the site.

5.4.2 Groundwater

The major groundwater contaminants detected at the site and throughout the surrounding study area are
volatile organics, particularly the halogenated aliphatics TCE, PCE, and 1,2-DCE. The current interpretation
holds that a significant source remains at the site in the form of a DNAPL or highly concentrated residual
phase in the vicinity of the borrow pit. Historical analytical data from the vicinity of the borrow pit and
monitoring wells near the farm's property line indicate that this source may be migrating laterally to the south,
and may eventually migrate off site. Additional analytical data from monitoring well clusters, coupled with the
current hydrogeoiogic interpretation, indicate that the source may also still be migrating downward within the
aquifer in response to gravity and the steeply downward vertical hydraulic gradient. As uncontaminated
groundwater (both meteoric water migrating vertically downward from above and groundwater migrating
laterally from the upgradient direction) migrates through the source area(s), the soluble components diffuse
from the source and into the cleaner water, forming a dissolved contaminant groundwater plume that
migrates with the groundwater through the advective transport process. The plume is transported
downgradient and off site, where the contamination either migrates to deeper or shallower depths within the
aquifer {depending on the hydraulic gradient), or is eventually released to surface waters, seeps, and springs.
Section 4.1 presents a detailed evaluation of the nature and extent of VOC contamination in groundwater.
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Contaminant mobility is dependent on characteristics such as solubility and partitioning ability based on
partition coefficients. The VOC contaminants detected in groundwater have high solubilities and low organic
carbon coefficients, thereby making them highly susceptible to groundwater transport. The fact that a
continuous plume of VOC-contaminated groundwater extends for a distance of approximately two miles
downgradient from the source areas attests to the migration capabilities of the VOCs.

The groundwater transport processes of dispersion and dilution tend to reduce the groundwater contaminant
concentrations in the downgradient and sidegradient directions. Eventually, the plume may dispersed and
sufficiently diluted to the point that it is no longer detectable at a given distance downgradient from the
source, even though higher concentrations remain upgradient and the source itself has not diminished.
When the isoconcentration lines within the plume cease to migrate downgradient (that is, when the
concentrations near the source remain relatively constant in the upgradient portion of the plume and the
geographic position of the non-detect contour remains relatively constant in the downgradient portion of the
plume), the plume is interpreted to be at steady-state conditions, where migration basically ceases and the
plume eventually begins to shrink (retreat) as natural attenuation processes act on the VOCs. As discussed
in Section 4.0 and this section, it is not believed that steady-state conditions have been attained for the
groundwater plume associated with this site. The source (potential DNAPL) beneath the borrow pit is
believed to be migrating downhill and downgradient, and the dissolved portion of the plume is believed to be
migrating downgradient because the contaminant concentrations of some home wells within the lowest
(furthest downgradient) portions of the plume have continued to increase over time.

The halogenated aliphatic degradation process appears to be active within the portion of the plume
emanating from the EPIC pit area (see Section 4.0). TCE can anaerobically biodegrade, forming primarily
1,2-DCE, which may subsequently further biodegrade to vinyl chloride. Similarly, PCE can transform into
TCE, which in turn can degrade to form 1,2-DCE, 1,1-DCE, and vinyl chloride. The presence of breakdown
products including 1,1-DCE, 1,2-DCE and vinyl chloride have been detected downgradient of the EPIC pit
area. Degradation does not appear to be occurring within the larger, more concentrated portion of the plume
that originates at the borrow pit and extends southward and downgradient within the Dale Valley, as the
VOCs detected within this portion of the plume consist almost entirely of TCE and PCE.

5.4.3 Sediment and Surface Water

VOCs detected in the surface water and sediments on the site and throughout the study area are interpreted
to be result from groundwater discharge, rather than the transport of these contaminants through the surface
water and sediment media (see Section 4.0). The groundwater discharge may be via springs or seeps that
drain into nearby surface water bodies, or may be directly into the surface water body. Although the VOCs
are expected to dissipate through the processes of volatilization and dilution, the relatively high levels of

UDOCUMENTS/RAC/RAC3/7525/14688/SEC5 255

AR3006IO



VOCs detected throughout the area (even at locations not proximal to seeps or springs) suggest that the
groundwater plume is most likely discharging directly through the stream beds (thereby acting as a constant
source), and that the patterns of VOC detections are most likely consistent throughout the year, and will not
decrease until the groundwater plume (the source) is remediated.

The detected SVOCs, for the most part, appear to be potentially related more to surface runoff from nearby
roadways and other sources, although some contribution and transport from the site (especially the trash
dump) cannot be ruled out. The presence of the SVOCs within the sediment fraction and their absence
within the aqueous (surface water) fraction suggest that the SVOCs are adsorbed onto the sedimentary
particles and are being transported through normal sedimentary processes, rather than migrating as a
dissolved component within the water.

As discussed in detail in Section 4.0, metals are naturally ubiquitous throughout the study area, and many
of the highest concentrations are associated with an historic mining pit located within the Dale Valley.
Cyanide is interpreted to be attributable to the site, as it is detected in four surface water sample locations
either adjacent to or downgradient from the EPIC pit and the borrow pit. Three of these locations,
however, are near seeps and springs, indicating that the cyanide is transported via groundwater that is
discharging to the surface at those locations. Cyanide is generally not persistent in aqueous media, as it
is amenable to dissipation through evaporation and biodegradation. Considering the low concentrations
that were detected (maximum of 20 ug/L at SW-7), it is not anticipated that the cyanide persists for
appreciable distances downgradient from these emanation point. Aluminum also appears to be elevated
in the surface waters adjacent to the site. As discussed in Section 4.0, however, the attribution of
aluminum to the disposal of the hazardous waste solvents at the site is extremely tenuous.
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6.0 BASELINE HUMAN HEALTH RISK ASSESSMENT

This section provides a description of the risk assessment methods employed for Crossley Farm Site, as
well as a summary of the risk assessment results. The general objectives of the risk assessment were to
estimate the actual or potential risks to human health resulting from the presence of contamination in area
groundwater, surface soil, total soil (surface and subsurface soils combined), test pit soil, sediment, and
surface water and to provide the basis for determining appropriate remedial measures (if necessary) for
these media as part of the feasibility study. Sections 6.1 through 6.7 discuss the baseline human health
risk assessment (BLRA).

6.1 INTRODUCTION

The specific objectives of the BLRA were as follows:

• To estimate the actual or potential risks to human health resulting from the presence of contamination
in area groundwater, surface soil, total soil, test pit soil, sediment, and surface water at designated
areas/media of concern, including site surface and subsurface soils, one groundwater plume, and
sediment and surface water from the Perkiomen Creek and Tributaries Watershed.

• To provide a basis for attainment of concentrations that are protective of potential human receptors
under residential, recreational, industrial, and construction exposure scenarios.

• To determine the need for remedial measures (if applicable) for these media.

Three major aspects of chemical contamination must be considered when assessing public health risks:
Contaminants with toxic characteristics must be found in environmental media and must be released by
either natural processes or by human action; potential exposure points must exist either at the source or
via migration pathways if exposure occurs at a remote location other than the source; and human or
environmental receptors must be present at the point of exposure. Risk is a function of both toxicity and
exposure; without any one of the three factors listed above, there is no risk.

In order to estimate the potential for human health risk attributable to area groundwater, surface soil, total
soil, test pit soil, sediment, and surface water, information regarding the toxicity of the compounds
detected in the various media, the distribution of contamination, potential migration pathways, and a site-
specific estimate of chemical intake via assumed exposure routes was combined. The risk assessment
processes were performed in accordance with current EPA risk assessment guidance.
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The future anticipated land use at Crossley Farm Site is expected to be commercial or light industrial.
Likely potential receptors under this land use scenario include light-industrial workers, construction
workers, and recreational receptors. Residential land use is also a potential scenario for this site;
therefore, residential risks are presented in this risk assessment. Furthermore, residential land use
scenarios may determine whether land use restrictions are warranted at the site.

The BLRA for Crossley Farm Site was divided into Data Evaluation, Exposure Assessment, Toxicity
Assessment, Risk Characterization, Uncertainty Analysis, and Summary/Conclusions. Each section is
briefly discussed below.

Data Evaluation (Section 6.21 is primarily concerned with data quality assessment, identification of
chemicals of potential concern (COPCs), distributional analysis of the data, and calculation of exposure
point concentrations. The medium/area-specific data are analyzed and COPCs are selected that are
representative of the type expected for potential human health exposure. Distributional analysis of the
data is the basis for calculating an exposure point concentration, which provides the chemical input into
each of the exposure pathways.

Exposure Assessment (Section 6.3) identifies potential human health exposure, including a
characterization of the site setting, selection of potential receptors, selection of exposure routes by
medium, a presentation of a site-conceptual model, derivation of exposure estimates for each pathway,
and a special explanation of the blood-lead modeling. This section identifies potential pathways of COPC
migration, selected potential receptors, and the estimated intakes of COPCs for the identified receptors.

Toxicity Assessment (Section 6.4) presents available reference doses, cancer slope factors, EPA weight
of evidence, adjustment of the dose-response parameters, relative potencies for polycyclic aromatic
hydrocarbons (PAHs), and toxicity criteria for chromium and methyl mercury. Quantitative toxicity indices,
where available, are presented in this section, including any applicable regulatory standards and criteria.

Risk Characterization (Section 6.51 presents the approaches for determining carcinogenic risks,
noncarcinogenic risks, and lead risks. The risk characterization evaluates the potential for adverse health
effects from exposure to COPC concentrations in environmental media by integrating information
developed during the toxicity and exposure assessments.

Uncertainty Analysis (Section 6.6) is a discussion of the general and site-specific uncertainties associated
with the BLRA.

Summary (Section 6.71 presents major conclusions of the BLRA.
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6.2 DATA EVALUATION

This section presents the approaches for data quality assessment, identification of COPCs, distributional
analysis of the data, and exposure point concentrations. Six environmental media were sampled at
Crossley Farm Site: area groundwater, surface soil, total soil, test pit soil, sediment, and surface water. A
detailed explanation of the areas/media of concern and how they relate to potential receptor exposure is
presented on the Risk Assessment Guidance - Part D (RAGs D) Table 1s, which are presented in Section
6.2 and Section 6.3. The areas/media of concern selected for the site and the applicable sampling media
were as follows:

Areas/Media of Concern for Crossley Farm Site BLRA:

• On and Off-Site Groundwater - Center of Plume
• Off-Site Groundwater - Each residential well identified near the study area
• Surface Soil - Represented by surface soil (0 to 2 feet) samples near impacted areas
• Total Soil (Represents potentially disturbed soil as a combination of Surface and Subsurface Soil

near impacted areas)
• Test Pit Soil
• Spring 8 surface water and sediment (wading)
• Spring 10 surface water and sediment (wading)*
• Spring 12 surface water and sediment (wading)
• Spring 13 surface water and sediment (wading)
• Spring 14 surface water and sediment (wading)
• Spring 15 surface water and sediment (wading)
• Perkiomen Creek and Tributaries surface water and sediment (wading)**
• Perkiomen Creek surface water (fishing)***
• Spring 10 surface water and sediment (swimming)*
• Spring 17 surface water and sediment (swimming)
• Spring 20 surface water and sediment (swimming)****
• Spring 20 surface water (fishing)****

* The location SW/SD10 is included under two scenarios; one for contact via wading and the other
contact via swimming.

** The Perkiomen Creek and Tributaries consists of surface water/sediment (SW/SD) locations
SW/SD01, SW/SD02, SW/SD03, SW/SD04, SW/SD05, SW/SD06, SW/SD07, SW/SD08, SW/SD09,
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SW/SD10, SW/SD16, SW/SD17, SW/SD18, SW/SD19, SW/SD21, and SW/SD22. SW16, SW17,
SW18, andSW19.

*** The Perkiomen Creek consists of surface water (SW) locations SW01, SW03, SW04, SW05, SW09.

****The location SW20 is included under two scenarios; one for contact via wading and the other contact
via fishing.

For this BLRA, total soil (which represents potentially disturbed soil as a combination of surface soil and
subsurface soil data sets for an area or medium of concern) was considered as an exposure medium for
future potential receptors instead of assuming exposure to subsurface soil by itself. Total (disturbed) soil
exposure assumes that, in the future, significant mixing of the surface and subsurface media may take
place and, therefore, contact with future surface soil would include soil that originated in the subsurface
zone (greater than 2 feet below ground surface).

For this BLRA, groundwater was considered within the center of the plume and discharging through a
potential potable spring located immediately downgradient of the site. Section 6.2.2.1 provides a detailed
discussion of the data points that comprise the groundwater medium assessed in this BLRA. For
purposes of clarity, groundwater is referred to as "center of plume" throughout this BLRA.

6.2.1 Data Quality Assessment

Data quality is assessed using Data Usability Worksheets that are required to be completed under Risk
Assessment Guidance (RAGs) - Part D (EPA, 1998) and are consistent with RAGs - Part A (EPA, 1989a)
and Data Quality Assessment guidance (EPA, 1996a). These data usability worksheets act as a
summary of important data quality issues and potential impacts on the quantitative BLRA. The data
usability worksheets are divided into four main sections {Field Sampling, Analytical Techniques, Data
Quality Objectives, and Data Validation and Interpretation) and are provided for soil (surface and
subsurface), groundwater, sediment, and surface water in Appendix J (Part 12) Tables 20 through 24.
The results of the data usability worksheets for area groundwater, total soil, test pit soil, sediment, and
surface water show that no data quality assessment issues are present for these media at Crossley Farm
Site; therefore, no impacts on the quantitative BLRA are expected. The data usability worksheets
evaluated sediment locations as a whole and surface water locations as a whole. However, the locations
for each medium will be evaluated in the BLRA as described in Section 6.2.
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6.2.2 Identification of COPCs

The selection of COPCs was based on chemical-specific concentrations, occurrence, distribution, and
toxicity. COPCs were selected to represent site contamination and to provide the framework for the
quantitative BLRA. Analytical data were obtained from samples of different environmental media,
including groundwater, surface soil, total soil, test pits, sediment, and surface water, and were evaluated
by examining only those chemicals with positive detections.

A list of COPCs was developed separately for each medium and area of interest by comparing the
maximum detected concentration for that chemical to the associated risk-based concentration (RBC)
based on a lifetime cancer risk of 1 x 10"6 or a noncancer risk associated with a hazard quotient (HQ) of
0.1 for a residential child. For most media, RBCs were obtained from the latest EPA Region III fisting for
residential soil or tap water exposure (EPA, 2000a). RBCs that were based on noncancer effects were
adjusted from a HQ of 1.0 to a HQ of 0.1 to protect against the possibility of additive toxic effects from
multiple chemicals. No screening criteria were available for recreational exposure to surface water
because multiple pathways of exposure corresponding to dermal contact and limited incidental ingestion
of surface water are not adequately accounted for in the Region III RBCs.

Candidate COPCs were not eliminated based on results of background comparison tests. Instead, all
COPCs were carried through the risk assessment and a comparison to background levels was performed
at the end of the risk characterization. An elevated concentration for a metal was indicated if there was
found to be either an overall difference between the entire populations of site and background sample
results (the t-test, the Mann-Whitney test, or Gehan's Test); if hot spots were found (the upper ranks test
or the UTL test); or if no other tests were conclusive, an elevated frequency of detection in site versus
background (the test of proportions or Fisher's Exact Test). These tests are explained in detail in
Appendix J {Part 3).

Additional COPCs were included when only one member of a compound class exceeded RBC screening
criteria but other members were detected at levels below RBC thresholds. COPCs were considered for
inclusion based on related chemicals of the same family being present in the case of carcinogenic
polyaromatic hydrocarbons (PAHs), the chemical degradation families (such as DDT-series analogs,
PCE/TCE/1,1,1-TCA breakdown products), or a commercial formulation (such as technical chlordane
components). For example, if DOT was detected above the RBC criterion, but DDD was present below
the RBC criterion, then both chemicals were retained as COPCs in that medium.

Essential nutrients were not considered as COPCs, including calcium, chloride, magnesium, potassium,
and sodium. Where possible, detected chemicals that did not have published toxicity criteria were
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compared to surrogate RBC criteria that were adopted from available RBCs for substances having similar
chemical structure. Other detected chemicals that did not have published toxicity criteria from accepted
references (EPA, IRIS, HEAST, or NCEA) were not retained as COPCs but were addressed in the
uncertainty section to document cases in which a current lack of knowledge regarding toxicity adds
uncertainty to the risk assessment.

Lead was evaluated as a potential COPC based on derived screening levels for residential soil. Per EPA
Region I directive, a value of 400 mg/kg [Office of Solid Waste and Emergency Response (OSWER)
Directive, EPA, 1994a] was used as the residential soil screening RBC level and was applied to surface
soil, total soil, test pits, and sediment. Lead was evaluated as a potential COPC in groundwater based
upon comparison to the MCL of 15 ug/L.

The RBC for hexavalent chromium was used for COPC selection because speculation data (i.e., trivalent
versus hexavalent) were not available for the soil and sediment samples collected at Crossley Farm Site.

The RBC for mercuric chloride was used for COPC selection for groundwater, surface water, and soil
because the form of mercury in these media is not expected to be organic. The RBC for methyl mercury
was used for COPC selection for sediment.

Results of selection of COPCs at each of the areas/media of concern at Crossley Farm Site are
presented in the following subsections. The COPC selections and the rationale for inclusion or exclusion
of chemicals are presented in Appendix K {Part 2) Table 2 (RAGs D 2.1 through 2.27). Chemicals with a
"Y" listed in the COPC selection column of each table were retained as COPCs for all quantitative risk
calculations.

6.2.2.1 Area Groundwater (Center of Plume) COPC Selection

Section 6.3.3.1 of this Rl report discusses the analytical results of sampling groundwater at this site. The
risks to potential receptors were estimated from the most contaminated groundwater, which is referred to
as the center of the plume. The center of the plume was evaluated to prevent underestimation of hot spot
chemical exposures.

The center of the plume is the most highly contaminated portion of the plume lying beneath, and in the
immediate vicinity of Blackhead Hill, and was defined as the portion of the plume having total VOC
concentrations greater than 1,000 ug/L. The groundwater wells in the center of the plume were
designated as follows: HN01D-02, HN01E-02, HN01F-02, HN06D-02, HN10I1-02, HN10I2-02, HN10S-
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02, HN12D-02, HN18S-02, HN19I-02, HN20I-02, HN20S-02, HN23I-02, MW1.1OB-02, MW1.2OB-02,
MW4R-02, MW1R-02, MW5R-02, and SW11-02.

Area groundwater COPCs for all applicable potential receptors were selected by comparing the maximum
detected concentration for each chemical to EPA Region III tap water risk based concentrations {RBCs).
A groundwater concentration corresponding to the RBC equates to a lifetime cancer risk level for a
residential receptor of 1 x 10~6 or a noncancer risk {HQ) for a residential child of 0.1. Area groundwater
COPCs are included in Appendix K (Part 3) Table 3 (RAGs D Table 3.1) and are listed as follows:

• Iron • 2-Butanone
• Lead • Benzene
• Manganese • Carbon tetrachloride
• 1,1,2-Trichloroethane (1,1,2-TCA) • Chloroform
• 1,1-Dichloroethene (1,1-DCE) • Tetrachloroethene (PCE)

• 1,2-Dichloroethane (1,2-DCA) • Trichloroethene {TCE)
• 1,2-Dichloroethene (Total) (1,2-DCE) • Trichlorofluoromethane

The following items regarding area groundwater (Center of Plume) are noteworthy:

• The maximum detects (discussed in Section 6.2.4) for iron, 1,1,2-TCA, 1,1-DCE, 1,2-DCA, 1,2-DCE
(total), 2-butanone, benzene, carbon tetrachloride, chloroform, PCE, TCE, and trichlorofluoromethane
exceeded their respective RBCs. For a risk-based perspective on the range of concentrations found
in this data set, note that arithmetic means and reasonable maximum exposure (RME) and central
tendency exposure {CTE) exposure point concentrations (EPCs) also exceeded their respective
RBCs (although COPCs were selected based on comparison to maximum detected concentrations).
Iron was present in widely varying concentrations in approximately 90 percent of the wells sampled at
concentrations ranging from 137 ug/L to 10,000 iig/L. 1,1,2-TCA, 1,1-DCE, 1,2-DCA, benzene,
carbon tetrachloride, and chloroform were all present in one groundwater sample (HN01E-02) at
concentrations of 4 Lig/L, 0.5 J ̂ g/L, 2 iig/L, 0.4 J iig/L, 5 ug/L, and 7 fig/L, respectively. 1,2-DCE
(total) was present in three groundwater wells at concentrations ranging from 18 iig/L to 1,100 ng/L,
with the maximum concentration occurring at SW11-02. 2-Butanone was present in two groundwater
wells (HN19I-02 and HN10S-02) at concentrations of 6,100 J jag/L and 590 L pg/L, respectively. PCE
was present in 11 of 19 monitoring wells with widely varying concentrations ranging from 39 J ug/L to
6,000 Lj,g/L and elevated concentrations (greater than 100 jjg/L) occurring at MW1.1 OB-02, SW11-02,
HN20S-02, HN01D-02, HN01E-02, MW1R-02, HN01F-02, HN20I-02, HN19I-02, and HN23I-02. TCE
was present in 16 of 16 monitoring wells with widely varying concentrations ranging from 1,200 J
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to 190,000 |ag/L; with elevated concentrations occurred at many locations and the maximum
concentration occurred at HN23I-02. Trichlorofluoromethane was present in three groundwater wells
at concentrations within an order of magnitude of each other, with the exception of location HN23I-02
where a maximum concentration of 1,000 J ng/L was detected.

• The maximum detect (discussed in Section 6.2.4) for manganese exceeded the respective RBC.
Note that the EPCs exceeded the RBC but the arithmetic mean was less than the respective RBC
{although COPCs were selected based on comparison to maximum detected concentrations).
Manganese was present in all the sampled wells at concentrations ranging from 5.8 iig/L to 177 J

ug/L.

• The maximum detect of lead exceeded the respective media-specific action levels. Note that the
arithmetic mean and EPCs (discussed in Section 6.4) were less than the respective media-specific
action levels {although COPCs were selected based on comparison to maximum detected
concentrations).

6.2.2.2 Off-Site Groundwater Residential Report

Section 4.0 of this Rl Report discusses the sampling results of off-site residential groundwater at Crossley
Farm Site.

6.2.2.3 Crossley Farm Site Soil Samples

Section 6.3.3.2 of the Rl Report discusses the results of sampling of surface soil, total soil, and test pit
soil at the Crossley Farm Site. Surface and subsurface soil includes all soil samples collected at the site
that were not collected from the test pit area that is overlain by a trash dump. Non-test pit soil at Crossley
Farm Site is divided into two types of media for quantitative risk analysis; surface soil [samples collected
in the 0-foot to 2-foot interval below ground surface (bgs)] and total soil [potentially disturbed soil
comprised of a combination of samples collected in surface soil (0-foot to 2-foot interval bgs) and
subsurface soil (all depths)].

Soil COPCs for all applicable potential receptors were selected by comparing the maximum detected
concentration of each chemical to the most restrictive (i.e., the minimum) of several different risk based
concentration criteria. The criteria applied were the EPA Region III RBCs for incidental ingestion of soil
(applies to surface soil and total soil), the EPA Soil Screening Levels (SSLs) for inhalation of organic
substances present in ambient air as a result of volatilization from soil (applies to total soil only), and the
EPA SSLs for inhalation of substances present in particulate matter as a result of fugitive dust emissions
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from windblown soil (applies to surface soil and total soil). Screening levels for each applicable type of
RBC were calculated to represent the soil concentration associated with an estimated lifetime cancer risk
level for a residential receptor of 1 x 10'6 or a noncancer risk (HQ) for a residential child of 0.1. The
calculation of particulate emission factors (PEFs) and volatilization factors (VFs) are documented in
Appendix J (Part 11) and chemical specific VFs are shown in Appendix J (Part 4). A comparison of SSLs,
PEFs, soil saturation constants (Csats), and residential soil RBCs is shown in Appendix J (Part 5).

Surface Soil COPC Selection

Surface soil COPCs are shown in Appendix K (Part 3) Table 3 (RAGs D 3.2) and listed below. Samples
were labeled SBXYZ and SXX, where SB and S represent the medium (soil), X represents the sample
location number, and YZ represents the depth of the soil, Y to Z, in feet.

• Aluminum
• Arsenic
• Chromium
• Iron
• Manganese
• Thallium
• Vanadium

The following items regarding surface soil are noteworthy:

• The maximum detects (discussed in Section 6.2.4) for aluminum, arsenic, chromium, iron,
manganese, and thallium exceeded their respective RBCs. Note that arithmetic means and EPCs for
aluminum, arsenic, chromium, iron, manganese, and thallium also exceeded their respective RBCs
(although COPCs were selected based on comparison to maximum detected concentrations). These
six inorganic COPCs were present in all nine surface soil samples.

• The maximum detect for vanadium exceeded the respective RBC. Note that the EPCs exceeded the
RBC but the arithmetic mean was less than the respective RBC (although COPCs were selected
based on comparison to maximum detected concentrations). This inorganic COPC was present in all
nine surface soil samples.
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Total Soil COPC Selection

Total soil (potentially disturbed soil comprised of a combination of surface and subsurface soil) COPCs for
all potential receptors are shown in Appendix K {Part 3) Table 3 (RAGs D Table 3.3) and listed below.
Samples were labeled SBXX and SXX, where SB and S represent the medium (soil) and XX represents
the sample location number.

• Aluminum • Benzo(a)pyrene
• Arsenic • Benzo(b)fluoranthene
• Chromium • Benzo(k)fluoranthene
• Iron • Chrysene
• Manganese • Dibenz(a,h)anthracene
• Thallium • lndeno(1,2,3-cd)pyrene
• Vanadium • Benz(a)anthracene

The following items regarding total soil are noteworthy:

• The maximum detects (discussed in Section 6.2.4) for aluminum, arsenic, iron, manganese, thallium,
benzo(a)pyrene, and dibenz(a,h)anthracene exceeded their respective RBCs. Note that arithmetic
means and EPCs also exceeded their respective RBCs (although COPCs were selected based on
comparison to maximum detected concentrations). Benzo{a)pyrene, dibenz(a,h)anthracene, and 5
other PAHs were present in only one total soil sample (SB1810). Benz(a)anthracene,
benzo(b)fluoranthene, benzo{k)fluoranthene, chrysene, and indeno(1,2,3-cd)pyrene were selected as
COPCs because all detected carcinogenic PAHs were included as COPCs whenever any individual
carcinogenic PAH exceeded a RBC.

• The maximum detects (discussed in Section 6.2.4) for chromium and vanadium exceeded their
respective RBCs. Note that EPCs also exceeded RBCs but the arithmetic means were less than the
respective RBCs {although COPCs were selected based on comparison to maximum detected
concentrations). Chromium and vanadium were present in all total soil samples at concentrations
generally within an order of magnitude of each other.
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Test Pit Soil COPC Selection

Test pit soil COPCs for all potential receptors are shown in Appendix K (Part 3) Table 3 (RAGs D Table
3.4) and listed below. Samples were labeled TPXX, where TP represents the medium (test pit soil) and
XX represents the sample location number.

• Aluminum • Benzo(a)pyrene
• Arsenic • Benzo(b)fluoranthene
• Chromium • Benzo(k)fluoranthene
• Iron • Carbazole
• Manganese • Chrysene
• Thallium • Dibenz(a,h)anthracene
• Vanadium • lndeno(1,2,3-cd)pyrene
• Aroclor-1260 • Chloroform
• Benz{a)anthracene

The following items regarding test pit soil are noteworthy:

• The maximum detects (discussed in Section 6.2.4) for aluminum, arsenic, chromium, iron,
manganese, thallium, vanadium, benzo(a)pyrene, dibenz(a,h)anthracene, and chloroform exceeded
their respective RBCs. Note that arithmetic means and EPCs also exceeded their respective RBCs
(although COPCs were selected based on comparison to maximum detected concentrations). These
seven inorganic COPCs, with the exception of thallium, were present in all six test pit samples.
Thallium was present in four out of six test pit samples at concentrations in the range of 1.9 to 4.5 K
mg/kg. The carcinogenic PAH COPCs were detected in some test pit samples; their maximum
detected concentrations were at the same location (TP1 B).

• The maximum detects (discussed in Section 6.2.4) for Aroclor-1260, benz(a)anthracene,
benzo(b)fluoranthene, and indeno(1,2,3-cd)pyrene exceeded their respective RBCs. Note that EPCs
also exceeded RBCs but the arithmetic means were less than the respective RBCs (although COPCs
were selected based on comparison to maximum detected concentrations). Aroclor-1260 was
detected in one out of six test pit samples at a concentration of 1,000 Mg/kg (TP1A).
Benz(a)anthracene, benzo(b)fluoranthene, and indeno(1,2,3-cd)pyrene were detected in some test pit
samples; their maximum detected concentrations were at the same location (TP1B).
Benzo(k)fluoranthene, carbazole, and chrysene were selected as COPCs because all detected
carcinogenic PAHs were included as COPCs whenever any individual carcinogenic PAH exceeded a
RBC.
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Soil-to-Groundwater Exposure Pathways

A qualitative soil screening analysis was performed to evaluate whether substances found in soil were
present at levels conceivably high enough for the leaching process to produce noteworthy concentrations
in groundwater [i.e., whether leaching might produce future groundwater concentrations greater than the
RBCs for tap water consumption based on a lifetime cancer risk of 1 x 10'6 or a noncancer risk (HQ) for a
residential child of 0.1 ]. This soil-to-groundwater pathway evaluation compared the maximum
concentration of contaminants detected in surface soil versus their respective soil screening levels
(SSLs), the latter of which were derived from simplified modeling equations documented in the SSL
guidance (EPA, 1996). The results of this screening are shown on Table 6-1. The screening showed that
chromium exceeded the SSL in the soil-to-groundwater exposure pathway. Chromium was not selected
as a COPC in surface soil or area groundwater (center of plume). Uncertainties associated with this
analysis will be discussed in Section 6.6.

6.2.2.4 Crossley Farm Site Sediment and Surface Water Samples

Sediment COPC Selection

Area sediment COPCs for all applicable potential receptors were selected by comparing the maximum
detected concentration for each chemical to EPA Region III residential soil RBCs. A sediment
concentration corresponding to the RBC equates to a lifetime cancer risk level for a residential receptor of
1 x 10"6 or a noncancer risk (HQ) for a residential child of 0.1. Sediment COPCs for all potential receptors
are shown in Appendix K (Part 3) Table 3 (RAGs D 3.5 through 3.14) and are listed below for each
sample. Samples were labeled SDXX, where SD represents the medium (sediment) and XX represents
the sample location number.

SD08 COPC Selection (Wading Scenario)
• Aluminum • Manganese
• Arsenic • Mercury
• Chromium • Benz(a)anthracene
• Iron • Benzo(a)pyrene
• Chromium • Chrysene
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SD10 COPC Selection (Wading Scenario)
• Aluminum • Iron
• Arsenic • Manganese
• Chromium

SD12 COPC Selection (Wading Scenario)
• Aluminum • Manganese
• Arsenic • Thallium
• Iron • Benzo(a)pyrene

SD13 COPC Selection (Wading Scenario)
• Aluminum • Iron
• Arsenic • Manganese

SD14 COPC Selection (Wading Scenario)
• Aluminum • Iron
• Arsenic * Manganese

SD15 COPC Selection (Wading Scenario)
• Arsenic • Iron

Perkiomen Creek and Tributaries COPC Selection (Wading Scenario)
• Aluminum • Benz(a)anthracene
• Arsenic • Benzo(a)pyrene
• Chromium • Benzo(b)fluoranthene
• Iron • Benzo(k)fluoranthene
• Manganese • Chrysene
• Mercury • lndeno(1,2,3-cd)pyrene
• Vanadium

SD10 COPC Selection (Swimming Scenario)
• Aluminum • Iron
• Arsenic • Manganese
• Chromium
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SD17 COPC Selection (Swimming Scenario)
• Aluminum • Iron
• Arsenic • Manganese
• Chromium

SD20 COPC Selection (Swimming Scenario)
• Aluminum • Iron
• Arsenic • Manganese

Surface Water

The selection of COPCs for surface water is generally based on chemical-specific concentrations and
toxicity. At each suspected source of concern, only one sample was collected for surface water. Every
positively detected chemical, with the exception of the essential nutrients, was considered to be a COPC.
Surface water COPCs for all potential receptors are shown in Appendix K {Part 3} Table 3 (RAGs D 3.15
through 3.24) and are listed below for each sample. Samples were labeled SWXX, where SW represents
the medium (surface water) and XX represents the sample location number.

SW08 COPC Selection (Wading Scenario)
• Iron • Trichloroethene (TCE)
• Lead* • Trichlorofluoromethane
• 1,2-Dichloroethene (cis)

SW10 COPC Selection (Wading Scenario)
• Barium • Tetrachloroethene (PCE)
• Iron • Trichloroethene (TCE)
• 1,2-Dichloroethene (cis) • Trichlorofluoromethane
• Carbon disulfide

SW12 COPC Selection (Wading Scenario)
• Aluminum • Zinc
• Arsenic «• 1,2-Dichloroethene (Total)
• Iron • Carbon disulfide
• Lead* • Toluene
• Manganese • Trichloroethene (TCE)
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SW13 COPC Selection (Wading Scenario)
• Aluminum • Manganese
• Barium • Tetrachloroethene (PCE)
• Cyanide • Trichloroethene (TCE)
• Iron

SW14 COPC Selection (Wading Scenario)
• Aluminum • Cyanide
• Barium • Iron
• Chromium • Manganese

SW15 COPC Selection (Wading Scenario)
• Aluminum • Iron
• Barium • Manganese
• Beryllium • Aroclor-1260
• Chromium • Tetrachloroethene (PCE)
• Copper • Trichloroethene (TCE)

Perkiomen Creek and Tributaries COPC Selection (Wading Scenario)
• Aluminum • Zinc
• Arsenic • Di-n-butylphthalate
• Barium • 1,2-Dichloroethene (cis)
• Copper • Acetone
• Cyanide • Carbon disulfide
• Iron • Chloromethane
• Lead* • Tetrachloroethene (PCE)
• Manganese • Trichloroethene (TCE)
• Thallium • Trichlorofluoromethane

SW10 COPC Selection (Swimming Scenario)
• Barium • Tetrachloroethene (PCE)
• Iron • Trichloroethene (TCE)
• 1,2-Dichloroethene (cis) • Trichlorofluoromethane
• Carbon disulfide

L/DOCUMENTS/RAC/RAC3/7525/14688/SEC6 272

RR300629



SW17 COPC Selection (Swimming Scenario)
• Barium • Tnchloroethene (TCE)
* Manganese

SW20 COPC Selection (Swimming Scenario)
• Aluminum • Manganese
• Barium • Carbon disulfide
• Iron

*For lead, the Integrated Exposure Uptake Biokinetic (IEUBK) Model (Version 0.99) was not used to
evaluate health risks to future residential children because the anticipated exposure frequency (48 days
per year) was not representative of chronic exposure. This represents a source of uncertainty in the
BLRA that will be discussed in Section 6.6.

6.2.2.5 Crossley Farm Site Agricultural (Milk) Samples

The COPCs for the agricultural scenario were selected from a subset of the surface soil samples, which
were selected to include areas where forage could be grown and harvested for consumption by cattle.
Soil samples collected from areas of very steep and rugged terrain were considered inaccessible.
Applicable soil locations included samples SB01-02, SB02-02, SB03-02, SB04-02, SB06-02, SB07-02,
and SB08-02. COPCs were selected based on all substances having positive detections in the surface
soil medium. Essential nutrients and volatile contaminants were excluded from COPC selection. COPCs
for all potential receptors are shown in Appendix K (Part 3) Table 3 (RAGs D 3.25) and are listed below.
COPC Selection

• Aluminum • Nickel
• Arsenic • Selenium
• Barium • Thallium
• Beryllium • Vanadium
• Cadmium • Zinc
• Chromium • 4,4'-DDT
• Cobalt • Dieldrin
• Copper • Endrin
• Iron • Heptachlor epoxide
• Lead • Benzo(g,h,i)perylene
• Manganese
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6.2.2.6 Crossley Farm Site Fish Scenario

A semiquantitative analysis was performed on a fishing scenario in which Ambient Water Quality Criteria
(AWQC) values for human consumption of organisms were used as the screening criteria and the
associated COPC concentrations in fish tissue were estimated using bioconcentration factors (BCFs) to
assess potential human health risks from consumption of fish in two surface water areas. These areas
consisted of SW20, a pond, and surface water samples collected along the Perkiomen Creek (SW1,
SW3, SW4, SW5, SW9, SW16, SW17, SW18, and SW19). Chemicals that exceeded the AWQC or did
not have AWQC values for surface water samples SW20 and the Perkiomen Creek are shown in
Appendix K (Part 3) Table 3 (RAGs D 3.26 and 3.27), respectively, and are listed below for each sample.
Samples were labeled SWXX, where SW represents the medium, surface water, and XX represents the
sample location number.

The following chemicals exceeded the AWQC for human consumption of organisms:

Pond - SW20
• Aluminum
• Barium

Perkiomen Creek (SW1, SW3, SW4, SW5, SW9, SW16, SW17, SW18, and SW19)
• Aluminum
• Arsenic
• Barium

6.2.3 Distributional Analysis of the Data

This section presents the approaches taken for distributional analysis of the Crossley Farm Site analytical
data. Distributional analysis of the sampling data is important in determining the EPC used to
quantitatively estimate risks at the site. Statistical analyses discussed in this section adhere to the
guidance referenced in several EPA and related publications (EPA, 1989a, 1989b, 1992a, 1992b, and
1996a). Before EPCs were estimated for each COPC, the underlying statistical distribution of data was
determined for each COPC. Either the Shapiro-Wilk W test or the Shapiro-Francia Test (EPA, 1992a) was
performed to determine if the data set of chemical concentrations matched the shape of a normal or
lognormal distribution. [The latter test is required if there are greater than 50 samples (EPA, 1992a, 1996a).]
Normally distributed data exhibit a characteristic "bell-shape" curve that is symmetrical, whereas lognormal
data have a skewed shape with a longer tail at the high-concentration end. For each COPC, the W test was
performed either using the original data or after data were converted to their logarithms. A 5 percent level of
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significance was used to determine if the data deviated from either hypothesized distribution. If the W test
accepted the hypothesis of a normal distribution, then the W test using the logarithmic conversion was not
applicable and the estimation of the reasonable maximum exposure point concentration (using the upper
95th percentile confidence limit on the mean, as discussed in the next section) was based upon a normal
distribution and standard deviation. If the normal distribution did not pass the W-test, then the W-test was
performed on a logarithmic transformation of data. If the data were neither normal nor lognormally
distributed, but the standard deviation of the logarithms was less than 0.5, a normal distribution was
assumed. Otherwise, if neither distribution matched the data set of interest, a nonparametric distribution
was assumed.

The distributional analysis results for COPCs in area groundwater (center of plume), surface soil, total soil,
test pit soil, Perkiomen Creek and Tributaries sediment, and Perkiomen Creek and Tributaries surface water
are shown in Appendix J (Part 1) Tables 1 through 7.

6.2.4 Exposure Point Concentrations

In this BLRA, an EPC represents an estimated chemical concentration to which a receptor is assumed to
be continuously exposed while in contact with an environmental medium. Using all the analytical results
for related samples, an EPC was calculated for each COPC identified at each area/medium of concern at
Crossley Farm Site. The EPC was calculated using the latest risk assessment guidance from EPA (1985,
1989a, 1991a, 1991b, 1998a, 2000b), Gilbert (1987), and Singh (1999).

6.2.4.1 Reasonable Maximum and Central Tendency Exposure EPCs

Two types of environmental exposures are possible for use in a BLRA, reasonable maximum exposure
(RME) and central tendency exposure (CTE). RME is the exposure that is expected to represent a high
end, but not worst-case, exposure in a given medium of concern. CTE is the exposure that is expected to
represent an average exposure in a given medium of concern. The CTE EPC was selected to be the
same as the RME EPC, in accordance with EPA Region III recommendations. In this risk assessment,
CTE analysis involves changes only to the input parameters for each exposure pathway and not the EPC.

EPCs are selected following a decision scheme that chooses from several options, depending upon how
many data points exist, whether the data are normal or lognormally distributed, and the particular value
for the standard deviation of chemical concentrations. EPCs can be either the maximum value, 95
percent upper confidence limit on the mean of normally distributed data (95 percent UCL-N), the 95
percent H-statistic upper confidence limit on log transformed data (95 percent UCL-H), the Chebychev 95
percent confidence limit on log transformed data using minimum variance unbiased estimates (95 percent
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UCL-Cheby-mv), the Chebychev 99 percent confidence limit on log transformed data using minimum
variance unbiased estimates (99 percent UCL-Cheby-mv), the Chebychev 95 percent confidence limit
assuming a nonparametric distribution (95 percent UCL-Cheby), or the Chebychev 99 percent confidence
limit assuming a nonparametric distribution (99 percent UCL-Cheby). All the foregoing represent
conservative estimates of the mean, each of which is appropriate under different circumstances.

EPCs for lead were calculated differently because the model is designed to accept the mean lead value
and estimate the upper percentile of blood-lead concentrations from this quantity. Therefore, in the case
of lead, the candidate RME EPC was selected as the arithmetic mean of the lead concentration (for a
normal distribution) in every case.

6.2.4.2 Treatment of Data in EPC Calculations

Validated laboratory data were used to calculate EPCs for all data. Estimated values (J qualified) and
biased values (L and K qualified) were used as the reported value. Blank-contamination (B qualified)
values and rejected results (R qualified) were eliminated from further consideration.

For chemicals with at least one positive detection in each data set, a value of one-half the sample
quantitation limit was assumed for non-detect (U qualified) results when EPCs were calculated.

For both validated and non-validated data, duplicate samples were averaged together and considered as
one result. For duplicates, where one result was positive and the other result was a non-detect, one-half
the sample quantitation limit was used to calculate the average concentration for the duplicate sample.

6.2.4.3 EPC Calculation

The calculation of an EPC involves two steps. First, the distribution of the data was determined as
outlined in the preceding section. Then, based on the distribution of the data, an EPC was either
calculated or selected.

Several important assumptions were used to evaluate the distribution of the data (Section 6.2.4):

• The distribution of a data set was determined using a Shapiro-Wilk test.

• The distributions were classified as lognormal, normal, or unknown (i.e., nonparametric).

• If fewer than three samples were available in the area or medium of concern, estimation of the
distributional shape was not possible and the 95 percent UCL was not estimated.
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• If fewer than five samples were available, the determination of distributional shape and the estimation of
statistical upper confidence limits were not considered reliable or accurate because of inadequate
sample size, and the maximum value was selected as the EPC in this case.

If the data were determined to be normally distributed, then the standard deviation of the sample set and the
student's t-value were used to calculate the one-sided 95 percent UCL, as follows:

First, the standard deviation of the sample set was determined:

where:
S = Standard deviation of the data
X, = Individual sample value
H = Arithmetic mean of the n samples
n = Number of samples

The one-sided upper 95 percent confidence limit (95 percent UCL-N) was calculated as follows:

95%UCL -N =
Vn

where:
S = Standard deviation of the data
t = One-sided t distribution factor
H = Arithmetic mean of the n samples
n = Number of samples

If the data were considered to be lognormally distributed, then the EPC was selected following a decision
scheme listed below. The EPC was based on either the maximum value, the 95 percent H-statistic upper
confidence limit on log transformed data (95 percent UCL-H), the Chebychev 95 percent confidence limit
on log transformed data using minimum variance unbiased estimates (95 percent UCL-Cheby-mv), or the
Chebychev 99 percent confidence limit on log transformed data using minimum variance unbiased
estimates (99 percent UCL-Cheby-mv). The following table presents the type of upper confidence limit
chosen according to the number of data points and the observed value for the log standard deviation:
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Statistical UCL Methods for Lognormally Distributed Data
No. of Data Points

N < 5
N>5

5 < N < 25

N>25

5 < N < 20

20 < N < 50

N>50

5 < N < 25

25 < N < 70

N>70

5 < N < 30

30 < N < 70

N>70

Log Standard Deviation
—

0.5<S< 1.0

1.0<S< 1.5

1.0<S< 1.5

1.5<S<2.0

1.5<S<2.0

1.5<S<2.0

2.0<S<2.5

2.0<S<2.5

2.0<S<2.5

S>2.5

S>2.5

S>2.5

Type of UCL
Maximum value
95% UCL-H

95% UCL-Cheby-mv
95% UCL-H

99% UCL-Cheby-mv
95% UCL-Cheby-mv

95% UCL-H

99% UCL-Cheby-mv
95% UCL-Cheby-mv

95% UCL-H
99% UCL-Cheby-mv
95% UCL-Cheby-mv

95% UCL-H

For data considered to be lognormal, the standard deviation of the log-transformed sample set was
determined as follows:

where:
S = Standard deviation of the log-transformed data
Xj = Individual sample value (log-transformed)
H = Arithmetic mean of the log-transformed n samples
n = Number of samples

If the EPC was based on the 95 percent H-statistic upper confidence limit on log transformed data (95
percent UCL-H), this quantity was then calculated as follows:

95%UCL-H =

where:
e = constant (base of the natural log, equal to 2.718)
H = Arithmetic mean of the log-transformed data
H = H-statistic (e.g., from table published in Gilbert, 1987)
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S = Standard deviation of the log-transformed data
n = Number of samples

Wherever the lognormal case required use of upper confidence limits based on Chebychev equations, the
EPC was based on either the Chebychev 95 percent or 99 percent confidence limits on log transformed
data using minimum variance unbiased estimates (95 percent UCL-Cheby-mv or 99 percent UCL-Cheby-
mv). In these cases, the mean and standard deviation were calculated in a different manner. For the
Chebychev confidence limits, the following equations were used to calculate the minimum variance
unbiased estimates of the population's mean (mean-T) and standard deviation (sigma-mv) for lognormally
distributed data, according to Gilbert (1987):

Mean-T = exp{uL}̂ n(Sy2/2)
Where: UL = arithmetic mean of log -transformed data

sy = standard deviation of log -transformed data
wn(t), with t = sy2/2, is the infinite series:

3Vn(t) = 1 + (n-1)t/n + (n-1)/(2!n(n+1)) + (n-1)/(3!n(n+1)(n+3))
(n-1)7t4/(4!n4(n+1)(n+3)(n+5)) + ...

Sigma-mv = exp{2*-jL}1 wn{-sy2/(2n-2)}2 - wn{-2*sy2/(n-1)} ]
Where: pL = arithmetic mean of log-transformed data

sy = standard deviation of log-transformed data
¥n(t), with t = -Sy2/(2n-2) or t = -2*sy2/(n-1), is the infinite series:
*n(t) = 1 + (n-1)t/n + (n-1)¥/(2!n2(n+1)) + (n-1)¥/(3!n3(n+1)(n+3))

(n-1)V/(4!n4(n+1)(n+3)(n+5)) + ...

The Chebychev upper confidence limits were then estimated using the following equations, according to
Singh(1999)

95%UCL - Chebymv = meanT + sigmamv x
0.05 xjV

99%UCL - Chebymv = meanT + sigmamv x
0.01
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If the data were considered to be neither normally nor lognormally distributed, then the EPC was selected
following a decision scheme listed below. If the standard deviation of the log transformed data was less
than 0.5, then the EPC was calculated assuming a normal distribution and the 95 % UCL using the t-
distribution, as delineated earlier. Otherwise, the EPC was based on either the Chebychev 95 percent
confidence limit (95 percent UCL-Cheby) or the Chebychev 99 percent confidence limit (99 percent UCL-
Cheby). The following table presents the type of upper confidence limit chosen according to the number
of data points and the observed value for the log standard deviation:

Statistical UCL Methods for Nonparametrically Distributed Data
No. of Data Points

N<5

N>5

N>5

N>5

Log Standard Deviation
—

S<0.5

0.5<S<2.0

S>2.0

Type of UCL
Maximum value
95% UCL-N

95% UCL-Cheby
99% UCL-Cheby

For data considered to be nonparametric, the standard deviation of the log-transformed sample set was
determined as follows:

where:
S = Standard deviation of the log-transformed data
X, = Individual sample value (log-transformed)
fi = Arithmetic mean of the log-transformed n samples
n = Number of samples

Wherever the lognormal case required use of upper confidence limits based on Chebychev equations, the
EPC was based on either the Chebychev 95 percent or 99 percent confidence limits. In these cases, the
mean and standard deviation were calculated in the conventional manner used for a normal distribution.
The Chebychev upper confidence limits were then estimated using the following equations, according to
Singh(1999):

95%UCL - Cheby = -i + S x
0.05 x TV

where:
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S = Standard deviation of the original (not transformed) data
|i = Arithmetic mean of the original (not transformed) sample data
N = Number of samples

6.2.4.4 EPCs for Area Groundwater (Center of Plume) Exposure Pathways

Groundwater RME and CTE EPCs for center of plume COPCs are shown in Appendix K (Part 3) Table 3
(RAGs Table 3.1). All COPCs were estimated to be lognormally distributed. The 95 percent UCL-Cheby-
mv was selected as the EPC for 1,1,2-trichloroethane, 1,2-dichloroethane, 1,2-dichloroethene (Total),
carbon tetrachloride, chloroform, tetrachloroethene, and trichloroethene. The EPCs for iron, 1,1-
dichloroethene, and benzene were selected as the 99 percent UCL-Cheby-mv. The 95 percent UCL-H
was selected as the EPC for manganese and trichlorofluoromethane. The Mean-N was selected as the
EPC for lead and the maximum value was selected for 2-butanone.

6.2.4.5 EPCs for Surface Soil Exposure Pathways

The RME and CTE EPCs for COPCs in surface soil are shown in Appendix K (Part 3) Table 3 (RAGs
Table 3.2). Aluminum, chromium, manganese, and vanadium were estimated to be lognormally
distributed and their EPCs were selected as the 95 percent UCL-H. Iron was estimated to be normally
distributed and the EPC was selected as the 95 percent UCL-N.

6.2.4.6 EPCs for Total Soil Exposure Pathways

The RME and CTE EPCs for COPCs in total soil are shown in Appendix K (Part 3) Table 3 (RAGs Table
3.3). All COPCs were estimated to be lognormally distributed with the exception of
dibenz(a,h)anthracene, which was estimated to be normally distributed. The EPCs were selected as the
95 percent UCL-H for the lognormally distributed COPCs. The EPC for dibenz(a,h)anthracene, normally
distributed, was selected as the 95 percent UCL-N.

6.2.4.7 EPCs for Test Pit Soil Exposure Pathways

The RME and CTE EPCs for COPCs in test pit soil are shown in Appendix K (Part 3) Table 3 (RAGs D
3.5). All COPCs were estimated to be lognormally distributed with the exception of manganese and
thallium, which were estimated to be normally distributed. The EPCs were selected as the 95 percent
UCL-H for the majority of the lognormally distributed COPCs. However, the EPCs for benz(a)anthracene,
benzo(b)fluoranthene, benzo(k)fluoranthene, and chrysene were selected as the 95 percent
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UCL-Cheby-mv and the EPC for Aroclor 1260 was selected as the 99 percent UCL-Cheby-mv. The
EPCs for manganese and thallium, normally distributed, were selected as the 95 percent UCL-N.

6.2.4.8 EPCs for Sediment and Surface Water Exposure Pathways

The RME and CTE EPCs for COPCs in sediment and surface water are shown in Appendix K (Part 3)
Table 3 (RAGs D 3.5 through 3.24). A distributional analysis could not be performed for individual
sediment or surface water locations because only one sample was collected. Therefore, the maximum
concentration was selected as the RME and CTE EPC for all COPCs in these sediment and surface
water locations. However, EPCs in the Perkiomen Creek and Tributaries sediment and surface water
locations were not selected as the maximum since this location consisted of more than one sample.

The EPCs for Perkiomen Creek and Tributaries sediment were selected as the 95 percent UCL-H for all
lognormally distributed COPCs. EPCs for normal distributions were selected as the 95 percent UCL-N.
The EPC for mercury was selected as the 95 percent UCL-Cheby.

The EPCs for Perkiomen Creek and Tributaries surface water were selected as the 95 percent UCL-
Cheby for all nonparametric COPCs. EPCs for arsenic and thallium were selected as the 95 percent
UCL-N. The EPCs for iron and lead were selected as the 95 percent UCL-H and Mean-N, respectively.

6.2.4.9 EPCs for Agricultural (Milk) Exposure Pathways

The RME and CTE EPCs for COPCs in home-produced milk are shown in Appendix K (Part 3) Table 3
(RAGs D 3.25). The EPCs were selected as the 95 percent UCL-H for the majority of the lognormally
distributed COPCs. However, the EPCs for 4,4'-DDT, endrin, heptachlor epoxide, and
benzo(g,h,i)perylene were selected as the 95 percent UCL-N. The EPC for thallium was selected as the
maximum and the EPC for lead was selected as the Mean-N.

6.2.4.10 EPCs for Fish Exposure Pathways

The RME and CTE medium EPCs for COPCs in surface water locations SW20 and the Perkiomen Creek,
where there is a potential for exposure to recreationally caught fish, are shown in Appendix K (Part 3)
Table 3 (RAGs D 3.26 and 3.27), respectively. The EPCs were selected as the maximum for all COPCs
in surface water location SW20, pond. The EPCs were selected as the 95 percent UCL-N for aluminum
and arsenic in the Perkiomen Creek surface water media. The EPC for barium was selected as the 95
percent UCL-Cheby in the Perkiomen Creek surface water media. Route EPCs were calculated from
medium EPCs using bioconcentration factors presented in Appendix J (Part 8).
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6.3 EXPOSURE ASSESSMENT

The exposure assessment evaluates the potential for human exposure to the chemicals detected in the
environmental media at Crossley Farm Site investigated during the Rl. This section presents a
characterization of the exposure setting and the exposed populations, identifies actual or potential
exposure routes, and summarizes the methods used to generate exposure estimates. The nature and
extent of contamination for each medium of concern upon which exposures were based are presented in
Section 4.0 of this Rl Report.

6.3.1 Characterization of the Exposure Setting

A characterization of the site setting (e.g., land use, hydrology, and soil characteristics) was presented in
the Rl Report (TtNUS, 2000; Section 3.0). The Crossley Farm Site comprises eight areas/media of
concern at or near the site, including area groundwater (center of plume), surface soil, total soil
(potentially disturbed soil comprised of a combination of surface and subsurface soil), test pit soil,
sediment, surface water, home-produced milk, and recreationally caught fish. Any media contamination
occurring within the study area that was attributable to past site activities (waste disposal or spills) would
generally be present as the result of migration via infiltration, overland runoff, fugitive dust emissions, or
bioaccumulation. See Fate and Transport Section in this Rl Report for further analysis.

6.3.2 Potential Receptors

The potential receptors chosen for Crossley Farm Site are presented in this section. All of the receptors
listed below are not applicable to every area or medium of concern. The on-and off-site receptors were
selected based on several criteria (current and anticipated future land use, accessibility to the site, and
media of concern sampled).

• Current/Future Recreational Child - This receptor is a child (age 1 to 6) who visits an applicable
area or medium of concern at Crossley Farm Site. This receptor is potentially exposed to several
types of media: ingestion, dermal absorption, inhalation (fugitive dust), and inhalation (volatiles) of
COPCs in surface soil [excluding inhalation (volatiles)], total soil (potentially disturbed soil
comprised of a combination of surface soil and subsurface soil), and test pit soil; ingestion and
dermal absorption of COPCs in sediment during wading activities; ingestion and dermal
absorption of COPCs in sediment during swimming activities; ingestion and dermal absorption of
COPCs in surface water during wading activities; ingestion and dermal absorption of COPCs in
surface water during swimming activities; and ingestion of COPCs in fish caught from creeks and
ponds adjacent to the site. Scenario timeframes and receptor-specific areas and media of
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exposures for the recreational child are presented in Appendix K (Part 4) Table 4 (RAGs D 4.8
through 4.11, 4.36,4.37,4.46,4.47,4.56,4.57,4.66,4.67, and 4.78).

• Current/Future Recreational P re-Adolescent/Adolescent - This receptor is a pre-
adolescent/adolescent (age 7 to 17) who visits an applicable area or medium of concern at
Crossley Farm Site. This receptor is potentially exposed to several types of media: ingestion,
dermal absorption, inhalation (fugitive dust), and inhalation (volatiles) of COPCs in surface soil
[excluding inhalation (volatiles)], total soil (potentially disturbed soil comprised of a combination of
surface soil and subsurface soil), and test pit soil; ingestion and dermal absorption of COPCs in
sediment during wading activities; ingestion and dermal absorption of COPCs in sediment during
swimming activities; ingestion and dermal absorption of COPCs in surface water during wading
activities; ingestion and dermal absorption of COPCs in surface water during swimming activities;
and ingestion of COPCs in fish caught from creeks and ponds adjacent to the site. Scenario
timeframes and receptor-specific areas and media of exposures for the recreational pre-
adolescent/adolescent are presented in Appendix K (Part 4) Table 4 (RAGs D 4.12 through 4.15,
4.38, 4.39, 4.48, 4.49, 4.58, 4.59, 4.68, 4.69, and 4.79).

• Current/Future Recreational Adult - This receptor is an adult who visits an applicable area or
medium of concern at Crossley Farm Site. This receptor is potentially exposed to several types of
media: ingestion, dermal absorption, inhalation (fugitive dust), and inhalation (volatiles) of
COPCs in surface soil [excluding inhalation (volatiles)], total soil (potentially disturbed soil
comprised of a combination of surface soil and subsurface soil), and test pit soil; ingestion and
dermal absorption of COPCs in sediment during wading activities; ingestion and dermal
absorption of COPCs in sediment during swimming activities; ingestion and dermal absorption of
COPCs in surface water during wading activities; ingestion and dermal absorption of COPCs in
surface water during swimming activities; and ingestion of COPCs in fish caught from creeks and
ponds adjacent to the site. Scenario timeframes and receptor-specific media of exposures for the
recreational adult are presented in Appendix K (Part 4) Table 4 (RAGs D 4.16 through 4.19, 4.40,
4.41, 4.50, 4.51, 4.60, 4.61, 4.70, 4.71, and 4.80).

• Future Recreational Lifetime Receptor - This receptor is a recreational child (age 1 to 6), a
recreational pre-adolescent/adolescent (age 7 to 17), and a recreational adult (13 years exposure
duration) who visits an applicable area or medium of concern at Crossley Farm Site. This
receptor is potentially exposed to several types of media: ingestion, dermal absorption, inhalation
(fugitive dust), and inhalation (volatiles) of COPCs in surface soil [excluding inhalation (volatiles)],
total soil (potentially disturbed soil comprised of a combination of surface soil and subsurface
soil), and test pit soil; ingestion and dermal absorption of COPCs in sediment during wading
activities; ingestion and dermal absorption of COPCs in sediment during swimming activities;
ingestion and dermal absorption of COPCs in surface water during wading activities; ingestion
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and dermal absorption of COPCs in surface water during swimming activities; and ingestion of
COPCs in fish caught from creeks and ponds adjacent to the site. [This additive recreational
exposure scenario is included to estimate the lifetime cancer risk under a recreational land use
scenario. The lifetime cancer risk is estimated by adding the cancer risk under a 13-year adult
exposure to the cancer risk under a 17-year-old pre-adolescent/adolescent to the cancer risk
under a 6-year child exposure.]

• Future or Current/Future Residential Child - This receptor is a child (age 1 to 6) who resides at or
near an applicable area/medium of concern at Crossley Farm Site. This receptor is potentially
exposed to several types of media: ingestion and dermal absorption of COPCs in groundwater;
ingestion, dermal absorption, inhalation (fugitive dust), and inhalation (volatiles) of COPCs in
surface soil [excluding inhalation (volatiles)], total soil (potentially disturbed soil comprised of a
combination of surface soil and subsurface soil), and test pit soil, ingestion and dermal absorption
of COPCs in sediment during wading activities; ingestion and dermal absorption of COPCs in
sediment during swimming activities; ingestion and dermal absorption of COPCs in surface water
during wading activities; ingestion and dermal absorption of COPCs in surface water during
swimming activities; and ingestion of COPCs in fish caught from creeks and ponds adjacent to
the site. Scenario timeframes and receptor-specific media of exposures for the residential child
are presented in Appendix K (Part 4) Table 4 (RAGs D 4.1, 4.2, 4.20 through 4.23, 4.42, 4.43,
4.52, 4.53, 4.62, 4.63, 4.72, 4.73, and 4.78).

• Future or Current/Future Residential Adult - This receptor is an adult (24-year exposure duration)
who resides at or near an applicable area or medium of concern at Crossley Farm Site. This
receptor is potentially exposed to several types of media: ingestion and inhalation (volatiles
during showering) of COPCs in groundwater; ingestion, dermal absorption, inhalation (fugitive
dust), and inhalation (volatiles) of COPCs in surface soil [excluding inhalation (volatiles)], total soil
(potentially disturbed soil comprised of a combination of surface soil and subsurface soil), and
test pit soil; ingestion and dermal absorption of COPCs in sediment during wading activities;
ingestion and dermal absorption of COPCs in sediment during swimming activities; ingestion and
dermal absorption of COPCs in surface water during wading activities; ingestion and dermal
absorption of COPCs in surface water during swimming activities; and ingestion of COPCs in fish
caught from creeks and ponds adjacent to the site. Scenario timeframes and receptor-specific
media of exposures for the residential adult are presented in Appendix K (Part 4) Table 4 (RAGs
D 4.3, 4.4, 4.24 through 4.27, 4.44, 4.45, 4.54, 4.55, 4.64, 4.65, 4.74, 4.75, and 4.81).

• Future Lifetime Resident - This receptor is a residential child (age 1 to 6) and a residential adult
(24 years exposure duration) who resides at or near an applicable area or medium, of concern at
Crossley Farm Site. This receptor is potentially exposed to several types of media: ingestion of,
dermal absorption of (child exposure duration only), and inhalation (volatilize during showering -
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adult exposure duration only) of COPCs in groundwater; ingestion, dermal absorption, inhalation
(fugitive dust), and inhalation (volatiles) of COPCs in surface soil [excluding inhalation (volatiles)],
total soil (potentially disturbed soil comprised of a combination of surface soil and subsurface
soil), and test pit soil; ingestion and dermal absorption of COPCs in sediment during wading
activities; ingestion and dermal absorption of COPCs in sediment during swimming activities;
ingestion and dermal absorption of COPCs in surface water during wading activities; ingestion
and dermal absorption of COPCs in surface water during swimming activities; and ingestion of
COPCs in fish caught from creeks and ponds adjacent to the site. [This additive residential
exposure scenario is included to estimate the lifetime cancer risk under a residential land use
scenario. The lifetime cancer risk is estimated by adding the cancer risk under a 24-year adult
exposure to the cancer risk under a 6-year child exposure.].

Future Industrial Worker - This receptor is an adult who uses an applicable area or medium of
concern at Crossley Farm Site for work-related industrial purposes. This receptor is potentially
exposed to several types of media: ingestion and dermal absorption of COPCs in groundwater;
and ingestion, dermal absorption, inhalation (fugitive dust), and inhalation (volatiles) of COPCs in
surface soil [excluding inhalation (volatiles)], total soil (potentially disturbed soil comprised of a
combination of surface soil and subsurface soil), and test pit soil. Scenario timeframes and
receptor-specific areas and media of exposures for the industrial worker are presented in
Appendix K (Part 4) Table 4 (RAGs D 4.5, 4.6, and 4.28 through 4.31).

Future Construction Worker - This receptor is an adult who uses an applicable area or medium of
concern at Crossley Farm Site for work-related construction purposes. This receptor is potentially
exposed to several types of media: dermal absorption of COPCs in groundwater; ingestion,
dermal absorption, inhalation (fugitive dust), and inhalation (volatiles) of COPCs in total soil
(potentially disturbed soil comprised of a combination of surface soil and subsurface soil) and test
pit soil. Scenario timeframes and receptor-specific areas and media of exposures for the
construction worker are presented in Appendix K (Part 4) Table 4 (RAGs D 4.7 and 4.32 through
4.35).

Future Child Farm Resident - This receptor is a child (age 1 to 6) who resides on a farm at
Crossley Farm Site. This receptor is potentially exposed to COPCs via ingestion of home-
produced milk. Scenario timeframes and receptor-specific areas and media of exposures for the
child farm resident are presented in Appendix K (Part 4) Table 4 (RAGs D 4.76).
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• Future Adult Farm Resident - This receptor is an adult who resides on a farm at Crossley Farm
Site. This receptor is potentially exposed to COPCs via ingestion of home-produced milk.
Scenario timeframes and receptor-specific areas and media of exposure for the adult farm
resident are presented in Appendix K (Part 4) Table 4 (RAGs D 4.77).

• Future Lifetime Farm Resident - This receptor is a child farm resident (age 1 to 6) and an adult
farm resident (40-year exposure duration) residing on a farm at Crossley Farm Site. This
receptor is potentially exposed to COPCs via ingestion of home-produced milk. [This additive
farm resident exposure scenario is included to estimate the lifetime cancer risk under a residential
farm use scenario. The lifetime cancer risk is estimated by adding the cancer risk under a 40-
year adult exposure to the cancer risk under a 6-year child exposure.].

6.3.3 Exposure Estimates

The estimation routes, methods, and models presented in this section are consistent with current EPA
risk assessment guidance (EPA, 1989a, 1991c, 1996b, and 2000b). Exposure estimates associated with
each exposure route are presented below. All exposure scenarios incorporate RME and CTE EPCs in
the estimation of intakes. There are eight environmental media for Crossley Farm Site through which
potential receptors (see previous section) can be either directly or indirectly exposed to site-related
COPCs: area groundwater (center of plume), surface soil, total soil (potentially disturbed soil comprised of
a combination of surface soil and subsurface soil), test pit soil, sediment, surface water, home-produced
milk, and recreationally caught fish. Appendix K (Part 1) Table 1 (RAGs D 1.1 through 1.29) present a
summary of the exposure pathways including scenario timeframes, media/mediums of exposure, potential
receptors, and routes of exposure for each area or medium of concern at Crossley Farm Site.

Noncarcinogenic risks were estimated using the concept of an average annual exposure or intake. The
intake incorporates terms describing the exposure time and/or frequency that represent the number of
hours per day and the number of days per year that exposure occurs. This is used along with the
"averaging time," which converts the daily exposure frequency and duration to an annual exposure by
dividing by 365 days per year of exposure. Noncarcinogenic risks for some exposure routes (e.g., soil)
were generally greater for children than for adults because of differences in body weight and intake.
Carcinogenic risks, on the other hand, were estimated as an incremental lifetime risk and, therefore,
incorporate terms to average the exposure duration (years) over the course of a lifetime (70 years).

6.3.3.1 Area Groundwater Exposure Estimates

Three potential exposure routes were associated with area groundwater (center of plume) at Crossley
Farm Site:
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• Ingestion
• Dermal absorption
• Inhalation of airborne vapors during showering

For area groundwater (center of plume), ingestion and dermal absorption were evaluated for a future
residential child, future residential adult (ingestion only), future lifetime resident (cancer risk only), future
adult industrial worker, and a future adult construction worker (dermal absorption only). Additionally, for
area groundwater, inhalation of airborne vapors during showering was evaluated for area groundwater
(center of plume) for a future residential adult. These receptors were chosen because they are
expected to be representative of typical industrial or residential exposures at Crossley Farm Site.

Appendix K (Part 4) Table 4 (RAGs D 4.1 and 4.2) presents the RME and CTE input parameters selected
for area groundwater exposure pathways for a residential child. Appendix K (Part 4) Table 4 (RAGs D 4.3
and 4.4) presents the RME and CTE input parameters selected for area groundwater exposure pathways
for a residential adult. Appendix K (Part 4) Table 4 (RAGs D 4.5 and 4.6) presents the RME and CTE
input parameters selected for area groundwater exposure pathways for an adult industrial worker.
Appendix K (Part 4) Table 4 (RAGs D 4.7) presents the RME and CTE input parameters selected for area
groundwater exposure pathways for an adult construction worker.

For area groundwater exposure pathways, the following items are noteworthy:

• Chemical-specific permeability constants associated with modeling of dermal absorption are not
shown on the exposure input tables. The dermal permeability constants are available from Dermal
Exposure Guidance (EPA, 1992c) and are presented in Appendix J (Part 8) for each COPC.

• Derivations of the surface areas used in all dermal exposure equations in this BLRA for each potential
receptor were based on surface areas for available body parts. Surface areas were compiled from
several sources (EPA, 1997b and EPA, 1985) and are shown in Appendix J (Part 6) for each potential
receptor.

• Age-specific values used to calculate the average body weight for the residential child are presented
in Appendix J (Part 6).

• Several chemical-specific parameters associated with modeling of inhalation of airborne vapors
during showering are not shown on the exposure input tables. These chemical-specific constants
were obtained from several sources, including Foster and Chrostowski (1987) and are listed in
Appendix J (Part 8) for each COPC.
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• Sample calculations for all groundwater exposure pathways (ingestion, dermal absorption, and
inhalation) are provided in Appendix J (Part 11).

6.3.3.2 Surface Soil, Total Soil, and Test Pit Soil Exposure Estimates

Four potential exposure routes were associated with direct exposure to surface soil, total soil, and test pit
soil at Crossley Farm Site, including:

• Ingestion
• Dermal absorption
* Inhalation of fugitive dust
• Inhalation of airborne volatile emissions

For total soil (potentially disturbed soil comprised of a combination of surface soil and subsurface soil)
and test pit soil, ingestion, dermal absorption, inhalation of fugitive dust, and inhalation of airborne volatile
emissions were evaluated for a current/future recreational child, current/future recreational pre-
adolescent/adolescent, current/future recreational adult, future residential child, future residential adult,
future lifetime resident (cancer risk only), future adult industrial worker, and a future adult construction
worker. For surface soil, ingestion, dermal absorption, and inhalation of fugitive dust were evaluated for a
current/future recreational child, current/future recreational pre-adolescent/adolescent, current/future
recreational adult, future residential child, future residential adult, future lifetime resident (cancer risk
only), and a future adult industrial worker. These receptors were chosen because they are expected to
be representative of typical residential, recreational, or industrial exposures at Crossley Farm Site.

Appendix K (Part 4) Table 4 (RAGs D Tables 4.8 through 4.11) presents the RME and CTE input
parameters selected for the surface soil, total soil, and test pit soil exposure pathways for a recreational
child. Appendix K (Part 4) Table 4 (RAGs D Tables 4.12 through 4.15) presents the RME and CTE input
parameters selected for the surface soil, total soil, and test pit soil exposure pathways for a recreational
pre-adolescent/adolescent. Appendix K (Part 4) Table 4 (RAGs D Tables 4.16 through 4.19) presents the
RME and CTE input parameters selected for the surface soil, total soil, and test pit soil exposure
pathways for a recreational adult. Appendix K (Part 4) Table 4 (RAGs Tables 4.20 through 4.23) presents
the RME and CTE input parameters selected for a surface soil, total soil, and test pit soil exposure
pathways for a residential child. Appendix K (Part 4) Table 4 (RAGs D 4.24 through 4.27) presents the
RME and CTE input parameters selected for the surface soil, total soil, and test pit soil exposure
pathways for a residential adult. Appendix K (Part 4) Table 4 (RAGs D Tables 4.28 through 4.31)
presents the RME and CTE input parameters selected for the surface soil, total soil, and test pit soil
exposure pathways for an adult industrial worker. Appendix K (Part 4) Table 4 (RAGs D Tables 4.32
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through 4.35) presents the RME and CTE input parameters selected for the total soil and test pit soil
exposure pathways for an adult construction worker.

For surface soil, total soil, and test pit soil exposure pathways, the following items are noteworthy:

• Chemical-specific absorption factors associated with dermal absorption were not shown on the
exposure input tables. These values were provided by EPA Region III and are shown in Appendix J
(Part 7).

• The derivation of a site-specific particulate emission factor (PEF) associated with modeling inhalation
of fugitive dust is presented in Appendix J (Part 11). The PEF was derived based on information
presented in EPA's Soil Screening Guidance (EPA, 1996c) and site-specific information presented in
the Rl Report (TtNUS, 2000).

• Chemical-specific volatilization factors associated with inhalation of airborne volatile emissions were
not shown on the exposure input tables. These factors were derived based on information presented
in EPA's Soil Screening Guidance (EPA, 1996c) and site-specific information presented in the Rl
Report (TtNUS, 2000) and are presented in Appendix J (Part 4).

• Derivations of the surface areas used in all dermal exposure equations in this BLRA for each potential
receptor were based on surface areas for available body parts. Surface areas were compiled from
several sources (EPA, 1997b and EPA, 1985) and are derived in Appendix J (Part 6) for each
potential receptor.

• Age-specific values used to calculate the average body weight for the recreational child, recreational
pre-adolescent/adolescent, and residential child are presented in Appendix J (Part 6).

• Sample calculations for all soil exposure pathways (ingestion, dermal absorption, inhalation of fugitive
dust, and inhalation of airborne volatile emissions) are provided in Appendix J (Part 11).

6.3.3.3 Sediment During Wading Activities Exposure Estimates

Two potential exposure routes were associated with direct exposure to sediment during wading activities
at Crossley Farm Site:

• Ingestion
• Dermal absorption
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For sediment during wading activities, ingestion and dermal absorption were evaluated at Crossley Farm
Site for a current/future recreational child, current/future recreational pre-adolescent/adolescent,
current/future recreational adult, current/future residential child, current/future residential adult, and a
future lifetime resident (cancer risk only). These receptors were chosen because they are expected to be
representative of typical residential or recreational exposures at Crossley Farm Site.

Appendix K (Part 4) Table 4 (RAGs D Tables 4.36 and 4.37) presents the RME and CTE input
parameters selected for the sediment exposure pathways for a recreational child. Appendix K (Part 4)
Table 4 (RAGs D Tables 4.38 and 4.39) presents the RME and CTE input parameters selected for the
sediment exposure pathways for a recreational pre-adolescent/adolescent. Appendix K (Part 4) Table 4
(RAGs D Tables 4.40 and 4.41) presents the RME and CTE input parameters selected for the sediment
exposure pathways for a recreational adult. Appendix K (Part 4) Table 4 (RAGs D Tables 4.42 and 4.43)
presents the RME and CTE input parameters selected for the sediment exposure pathways for a
residential child. Appendix K (Part 4) Table 4 (RAGs D Tables 4.44 and 4.45) presents the RME and
CTE input parameters selected for the sediment exposure pathways for a residential adult.

For sediment exposure pathways, the following items are noteworthy:

• Chemical-specific absorption factors associated with dermal absorption were not shown on the
exposure input tables. These values were provided by EPA Region III and are shown in Appendix J
(Part 7).

• Derivations of the surface areas used in all dermal exposure equations in this BLRA for each potential
receptor were based on surface areas for available body parts. Surface areas were compiled from
several sources (EPA, 1997b and EPA, 1985) and are derived in Appendix J (Part 6) for each
potential receptor.

• Age-specific values used to calculate the average body weight for the recreational child, recreational
pre-adolescent/adolescent, and residential child are presented in Appendix J (Part 6). The default
value for adult body weight was used from the EPA Exposure Factors Handbook.

• Sample calculations for all sediment exposure pathways (ingestion and dermal absorption) are
provided in Appendix J (Part 11).
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6.3.3.4 Sediment During Swimming Activities Exposure Estimates

Two potential exposure routes were associated with direct exposure to sediment during swimming
activities at Crossley Farm Site, including:

• Ingestion
• Dermal absorption

For sediment during swimming activities, ingestion and dermal absorption were evaluated at Crossley
Farm Site for a current/future recreational child, current/future recreational pre-adolescent/adolescent,
current/future recreational adult, current/future residential child, current/future residential adult, and a
future lifetime resident (cancer risk only). These receptors were chosen because they are expected to be
representative of typical residential or recreational exposures at Crossley Farm Site.

Appendix K (Part 4) Table 4 (RAGs D 4.46 and 4.47) presents the RME and CTE input parameters
selected for the sediment exposure pathways for a recreational child. Appendix K (Part 4) Table 4 (RAGs
D 4.48 and 4.49) presents the RME and CTE input parameters selected for the sediment exposure
pathways for a recreational pre-adolescent/adolescent. Appendix K (Part 4) Table 4 (RAGs D 4.50 and
4.51) presents the RME and CTE input parameters selected for the sediment exposure pathways for a
recreational adult. Appendix K (Part 4) Table 4 (RAGs D 4.52 and 4.53) presents the RME and CTE input
parameters selected for the sediment exposure pathways for a residential child. Appendix K (Part 4)
Table 4 (RAGs D 4.54 and 4.55) presents the RME and CTE input parameters selected for the sediment
exposure pathways for a residential adult.

For sediment exposure pathways, the following items are noteworthy:

• Chemical-specific absorption factors associated with dermal absorption were not shown on the
exposure input tables. These values were provided by EPA Region III and are shown in Appendix J
(Part 7).

* Derivations of the surface areas used in all dermal exposure equations in this BLRA for each potential
receptor were based on surface areas for available body parts. Surface areas were compiled from
several sources (EPA, 1997b and EPA, 1985) and are derived in Appendix J (Part 6) for each
potential receptor.
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• Age-specific values used to calculate the average body weight for the recreational child, recreational
pre-adolescent/adolescent, and residential child are presented in Appendix J (Part 6). The default
value for adult body weight was used from the EPA Exposure Factors Handbook.

• Sample calculations for all sediment exposure pathways (ingestion and dermal absorption) are
provided in Appendix J (Part 11).

6.3.3.5 Surface Water During Wading Activities Exposure Estimates

Two potential exposure routes were associated with direct exposure to surface water during wading
activities at Crossley Farm Site:

• Ingestion
• Dermal absorption

For surface water during wading activities, ingestion and dermal absorption were evaluated at Crossley
Farm Site for a current/future recreational child, current/future recreational pre-adolescent/adolescent,
current/future recreational adult, current/future residential child, current/future residential adult, and a
future lifetime resident (cancer risk only). These receptors were chosen because they are expected to be
representative of typical residential or recreational exposures at Crossley Farm Site.

Appendix K (Part 4) Table 4 (RAGs D 4.56 and 4.57) presents the RME and CTE input parameters
selected for the surface water exposure pathways for a recreational child. Appendix K (Part 4) Table 4
(RAGs D 4.58 and 4.59) presents the RME and CTE input parameters selected for the surface water
exposure pathways for a recreational pre-adolescent/adolescent. Appendix K (Part 4) Table 4 (RAGs D
4.60 and 4.61) presents the RME and CTE input parameters selected for the surface water exposure
pathways for a recreational adult. Appendix K (Part 4) Table 4 (RAGs D 4.62 and 4.63) presents the RME
and CTE input parameters selected for the surface water exposure pathways for a residential child.
Appendix K (Part 4) Table 4 (RAGs D 4.64 and 4.65) presents the RME and CTE input parameters
selected for the surface water exposure pathways for a residential adult.

For surface water exposure pathways, the following items are noteworthy:

• Chemical-specific permeability constants associated with modeling of dermal absorption are not
shown on the exposure input tables. The dermal permeability constants are available from Dermal
Exposure Guidance (EPA, 1992c) and are presented in Appendix J (Part 8) for each COPC.
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• Derivations of the surface areas used in all dermal exposure equations in this BLRA for each potential
receptor were based on surface areas for available body parts. Surface areas were compiled from
several sources (EPA, 1997b and EPA, 1985) and are derived in Appendix J (Part 6) for each
potential receptor.

• Age-specific values used to calculate the average body weight for the recreational child, recreational
pre-adolescent/adolescent, and residential child are presented in Appendix J (Part 6). The default
value for adult body weight was used from the EPA Exposure Factors Handbook.

• Sample calculations for all surface water exposure pathways (ingestion and dermal absorption) are
provided in Appendix J (Part 11).

6.3.3.6 Surface Water During Swimming Activities Exposure Estimates

Two potential exposure routes were associated with direct exposure to surface water during swimming
activities at Crossley Farm Site, including:

• Ingestion
• Dermal absorption

For surface water during swimming activities, ingestion and dermal absorption were evaluated at Crossley
Farm Site for a current/future recreational child, current/future recreational pre-adolescent/adolescent,
current/future recreational adult, current/future residential child, current/future residential adult, and a
future lifetime resident (cancer risk only). These receptors were chosen because they are expected to be
representative of typical residential or recreational exposures at Crossley Farm Site.

Appendix K (Part 4) Table 4 (RAGs D 4.66 and 4.67) presents the RME and CTE input parameters
selected for the surface water exposure pathways for a recreational child. Appendix K (Part 4) Table 4
(RAGs D 4.68 and 4.69) presents the RME and CTE input parameters selected for the surface water
exposure pathways for a recreational pre-adolescent/adolescent. Appendix K (Part 4) Table 4 (RAGs D
4.70 and 4.71) presents the RME and CTE input parameters selected for the surface water exposure
pathways for a recreational adult. Appendix K (Part 4) Table 4 (RAGs D 4.72 and 4.73) presents the RME
and CTE input parameters selected for the surface water exposure pathways for a residential child.
Appendix K (Part 4) Table 4 (RAGs D 4.74 and 4.75) presents the RME and CTE input parameters
selected for the surface water exposure pathways for a residential adult.

For surface water exposure pathways, the following items are noteworthy:
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• Chemical-specific permeability constants associated with modeling of dermal absorption are not
shown on the exposure input tables. The dermal permeability constants are available from Dermal
Exposure Guidance (EPA, 1992c) and are presented in Appendix J (Part 8) for each COPC.

• Derivations of the surface areas used in all dermal exposure equations in this BLRA for each potential
receptor were based on surface areas for available body parts. Surface areas were compiled from
several sources (EPA, 1997b and EPA, 1985) and are derived in Appendix J (Part 6) for each
potential receptor.

• Age-specific values used to calculate the average body weight for the recreational child, recreational
pre-adolescent/adolescent, and residential child are presented in Appendix J (Part 6). The default
value for adult body weight was used from the EPA Exposure Factors Handbook.

• Sample calculations for all surface water exposure pathways (ingestion and dermal absorption) are
provided in Appendix J (Part 11).

6.3.3.7 Agricultural (Milk) Exposure Estimates

One potential exposure route, ingestion of home-produced milk, was associated with direct exposure to
uptake of contaminants in surface soil by dairy cattle at Crossley Farm Site. Ingestion of home-produced
milk was evaluated at Crossley Farm Site for a future child farm resident, future adult farm resident, and a
future lifetime farm resident (cancer risk only). These receptors were chosen because they are expected
to be representative of typical residential farm exposures at Crossley Farm Site.

Appendix K (Part 4) Table 4 (RAGs D 4.76) presents the RME and CTE input parameters selected for the
home-produced milk exposure pathways for a child farm resident. Appendix K (Part 4) Table 4 (RAGs D
4.77) presents the RME and CTE input parameters selected for the home-produced milk exposure
pathways for an adult farm resident.

For the home-produced milk exposure pathway, the following items are noteworthy:

• Uptake of contaminants originating from surface soil by dairy cattle was modeled assuming a
secondary uptake of contaminants from edible plants (including cattle forage or vegetative matter).
Direct ingestion of soil by cows was not modeled because cattle are not grazing directly over the on-
site soil. Direct or indirect uptake of contamination originating from groundwater or surface water by
cows also was not modeled.
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• The soil-to-plant bioconcentration factor for forage and silage, and the plant-to-milk biotransfer factors
for each chemical are shown in Appendix J (Part 9). These values were provided by EPA Office of
Solid Waste (OSW) (EPA, 1998b), Baes et al. (1984), and Travis and Arms (1988).

• Sample calculations for ingestion of home-produced milk are provided in Appendix J (Part 11).

6.3.3.8 Fish Exposure Estimates

One potential exposure route (ingestion) was associated with direct exposure to recreationally caught fish
at Crossley Farm Site. Ingestion of recreationally caught fish was evaluated at Crossley Farm Site for a
current/future recreational child, current/future recreational pre-adolescent/adolescent, current/future
recreational adult, current/future residential child, current/future residential adult, and a future lifetime
resident (cancer risk only). These receptors were chosen because they are expected to be
representative of typical residential or recreational exposures at Crossley Farm Site.

Appendix K (Part 4) Table 4 (RAGs D 4.78) presents the RME and CTE input parameters selected for the
fish exposure pathway for a recreational child. Appendix K (Part 4) Table 4 (RAGs D 4.79) presents the
RME and CTE input parameters selected for the fish exposure pathway for a recreational pre-
adolescent/adolescent. Appendix K (Part 4) Table 4 (RAGs D 4.80) presents the RME and CTE input
parameters selected for the fish exposure pathway for a recreational adult. Appendix K (Part 4) Table 4
(RAGs D 4.78) presents the RME and CTE input parameters selected for the fish exposure pathway for a
residential child. Appendix K (Part 4) Table 4 (RAGs D 4.81) presents the RME and CTE input
parameters selected for the fish exposure pathway for a residential adult.

For fish exposure pathways, the following items are noteworthy:

• Chemical-specific BCFs are not shown on the exposure input tables. The BCFs were provided by
EPA Office of Solid Waste (OSW) Combustion Guidance (EPA, 1998b) or EPA Region III BTAG
screening levels (EPA, 1995), and are presented in Appendix J (Part 8) for each COPC.

• Sample calculations for the ingestion of recreationally caught fish exposure pathway are provided in
Appendix J (Part 11).

6.3.4 Blood-Lead Modeling

As outlined in OSWER Directive 9355.4-12, EPA (1994a) has developed an approach to evaluating lead
risks that recognizes the multimedia nature of lead exposures, incorporating absorption and
pharmacokinetic information. Research has been conducted concerning lead intake and resultant blood-
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lead levels. Determinations of lead uptake from soil and drinking water were considered. Potential blood-
lead level increases are estimated and are discussed, along with the potential implications of blood-lead
results for residential children. The following discussion presents information that is useful in estimating
lead exposure.

No threshold has been defined for effects related to blood-lead increases. Effects below blood-lead levels
of 10 ug/dL are difficult to define. Inhibition of certain enzymes involved in red blood cell metabolism has
been reported to occur at 10 to 15 ug/dL and possibly lower. Small increases in blood pressure have been
observed in adults with blood-lead levels down to 7 ug/dL (EPA, 1994b). The most sensitive subpopulation
to effects below 7 ug/dL would be infants, whose early neurological development can be affected by blood-
lead concentrations reportedly down to 5 ug/dL (EPA, 1994b). Lead is also a fairly common environmental
contaminant and, for this reason, typical blood-lead levels in the population at large may already exceed the
concentrations discussed here.

For drinking water exposure, children 0 through 6 months old are expected to experience blood-lead
increases at the rate of 0.26 ug/dL per ug/L lead in water up to 15 ug/L and at the rate of 0.04 ug/dL for
every ug/L lead in water above 15 ug/L (EPA, 1994b). For older children, the ratio is 0.12 ug/dL blood lead
per ug/L lead in water up to 15 ug/L and 0.06 ug/dL for every ug/L lead in water above 15 ug/L (EPA,
1994b). For adults, the ratio is approximately 0.06 ug/dL blood lead per ug/L in water (EPA, 1994b).
Dietary intake of lead is assumed to produce increases of 0.02 to 0.04 ug/dL blood lead per ug/day ingested
by adults and 0.16 ug/dL blood lead per ug/day ingested by infants (EPA, 1986a). Blood-lead levels are
estimated to increase by 0.6 to 6.8 ug/dL per 1,000 mg/kg lead in soil (EPA, 1986a).

Blood-lead levels in residential children (age 1 to 6) were estimated using the Integrated Exposure and
Uptake Biokinetic (IEUBK) Model (version 0.99) developed by EPA (EPA, 1994b). The model is applied
using the average groundwater and surface soil concentrations at each applicable area or medium of
concern where lead was selected as a COPC at Crossley Farm Site (see site-specific RME and CTE EPC
tables for specific lead values).

For the assessment of ingestion of lead in area groundwater (center of plume) and test pit soil by residential
children, default values in the model are used to represent background lead concentrations in air, house
dust, and the level of maternal contribution. Additionally, the model's default values were used to represent
respiratory rate, soil and water ingestion rates, and the percent of lead absorption by the various exposure
routes. The only site-specific factors put into the IEUBK Model were the average lead concentration in
groundwater and test pit soil. Note that lead was not selected as a COPC in surface soil and total soil.
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The output of the IEUBK Model is a histogram that presents the estimated percentage of residential children
(age 0 through 6 years) with a blood-lead level above 10 ug/dL (considered to be the threshold significance
level above which adverse effects cannot be ruled out). When the percentage of the population estimated
to have blood-levels above 10 ug/dL is greater than five percent, then EPA considers the potential for
adverse effects to be significant (EPA, 1994a). These histograms, along with input information particular to
each run of the IEUBK model, are presented in [Appendix J (Part 10) Lead Worksheet 1], The estimated
percentages of residential children (age 0 through 6 years) with blood-lead levels above 10 ug/dL are also
presented in Section 5.6. Uncertainties associated with the IEUBK model are discussed in Section 6.4.

6.4 TOXICITY ASSESSMENT

The toxicity assessment identifies the potential health hazards associated with exposure to each of the
COPCs. A toxicological evaluation characterizes the inherent toxicity of a compound. The literature
indicates that the COPCs have the potential to cause carcinogenic and/or noncarcinogenic health effects
in humans. Although the COPCs may cause adverse health effects, dose-response relationships and the
potential for exposure must be evaluated before the risks to receptors can be determined. Dose-
response relationships correlate the magnitude of the intake with the probability of toxic effects, as
discussed below. Toxicity information for the COPCs in groundwater, total soil, surface soil, test pit soil,
sediment, and surface water at Crossley Farm Site is presented in Appendix K (Parts 5 and 6) Tables 5.1,
5.2, 6.1, and 6.2 (RAGs D 5.1, 5.2, 6.1, and 6.2, respectively) and Appendix J (Part 13) in the form of
toxicological profiles.

An important component of the risk assessment process is the relationship between the intake of a
compound (the amount of a chemical that is absorbed by a receptor) and the potential for adverse health
effects resulting from exposure to that dose. Dose-response relationships provide a means by which
potential public health impacts can be quantified. The published information of doses and responses is
used in conjunction with information on the nature and magnitude of human exposure to develop an
estimate of potential health risks.

Dose-response values [reference doses (RfDs) and slope factors (SFs)] have been developed by EPA
and other sources for many organics and inorganics. This section provides a brief description of these
parameters.

6.4.1 Reference Doses

The RfD is developed by EPA for chronic and/or subchronic human exposure to hazardous chemicals
and is based solely on the noncarcinogenic effects of chemical substances. Subchronic RfDs are
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specifically developed to be protective for a portion of a lifetime exposure to a compound (as a Superfund
program guideline, short term). Chronic RfDs are specifically developed to be protective for long-term
exposure to a compound (as a Superfund program guideline, long term). The RfD is usually expressed
as a dose (mg) per unit body weight (kg) per unit time (day). It is generally derived by dividing a No-
Observed-(Adverse)-Effect-Level (NOAEL or NOEL) or a Lowest-Observed-Adverse-Effect-Level
(LOAEL) by an appropriate uncertainty factor. NOAELs, etc. are determined from laboratory or
epidemiological toxicity studies. The uncertainty factor is based on the availability of toxicity data.

Uncertainty factors are generally applied as multiples of 10 to represent specific areas of uncertainty in
the available data. A factor of 10 is used to account for variations in the general population (to protect
sensitive subpopulations), when test results from animals are extrapolated to humans (to account for
interspecies variability), when a NOAEL derived from a subchronic study (instead of a chronic study) is
used to develop the RfD, and when a LOAEL is used instead of a NOAEL. In addition, EPA reserves the
use of a modifying factor of up to 10 for professional judgment of uncertainties in the database not
already accounted for. The default value of the modifying factor is 1.

The RfD incorporates the surety of the evidence for chronic human health effects. Even if applicable
human data exist, the RfD (as diminished by the uncertainty factor) still maintains a margin of safety so
that chronic human health effects are not underestimated. Thus, the RfD is an acceptable guideline for
evaluation of noncarcinogenic risk, although the associated uncertainties preclude its use for precise risk
quantitation. Oral and dermal RfDs, primary target organs, uncertainty/modifying factors, and sources for
selected COPCs in groundwater, surface soil, total soil, sediment, and surface water are provided in
Appendix K (Part 5) Table 5.1 (RAGs D 5.1). Inhalation RfDs, primary target organs,
uncertainty/modifying factors, and sources for selected COPCs in groundwater, surface soil, and total soil
are provided in Appendix K (Part 5) Table 5.2 (RAGs D 5.2). Inhalation RfDs (mg/kg/day) were derived
from inhalation reference concentrations (RfCs) (mg/m3) by dividing by 70 kg (an assumed human body
weight), multiplying by 20 nrVday (an assumed human inhalation rate), and adjusting by an appropriate
absorption factor (EPA, 1997a).

Target organ data have been extracted from the Integrated Risk Information System (IRIS; EPA, 2000b),
Health Effect Assessment Summary Tables (HEAST; EPA, 1997a), or other applicable sources. Only the
target organs that are affected in the applicable study in which the RfD was derived have been included in
Appendix K (Part 5) Table 5.1 and Table 5.2 (RAGs D 5.1 and 5.2, respectively).

Noncarcinogenic risks for lead were not quantified and compared to RfDs because EPA has implemented
an approach to evaluating lead risks that does not provide a single-point estimate output. Instead,
potential lead exposures are evaluated using a biokinetic model to estimate expected blood-lead
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increases. The blood-lead model is discussed in Section 6.3.4. A discussion of the results of the blood-
lead model estimates is presented in Section 6.5.8.

6.4.2 Cancer Slope Factors (SFs)

SFs are applicable for estimating the lifetime probability (assumed 70-year lifespan) of human receptors
developing cancer as a result of exposure to known or potential carcinogens. This factor is generally
reported in units of 1/(mg/kg/day) and is derived through an assumed low-dosage linear relationship of
extrapolation from high to low dose responses determined from animal studies. The value used in
reporting the slope factor is the upper 95 percent confidence limit.

Oral and dermal SFs, weight of evidence, and sources for selected COPCs in groundwater, surface soil,
total soil, sediment, and surface water are provided in Appendix K (Part 6) Table 6.1 (RAGs D 6.1).
Inhalation SFs, weight of evidence, and sources for selected COPCs in groundwater, surface soil, and
total soil are provided in Appendix K (Part 6) Table 6.2 (RAGs D 6.2). Inhalation SFs (mg/kg/day)"1 were
derived from inhalation unit risks (ug/m3)"1 by multiplying by 70 (an assumed human body weight), dividing
by 20 m3/day (an assumed human inhalation rate), and multiplying by the appropriate conversion factor
(1000ug/mg)(EPA, 1997a).

Carcinogenic risks for lead were not quantified, because EPA has not published an SF for inorganic lead.
Instead, potential lead exposures were evaluated using a biokinetic model to estimate expected blood-
lead increases. A discussion of these results is presented in Section 6.5.8.

6.4.3 EPA Weight of Evidence

The weight-of-evidence designations indicate the preponderance of evidence regarding carcinogenic
effects in humans and animals. The categories are defined as follows (EPA, 1992d):

WEIGHT OF EVIDENCE CATEGORY
A
B1
B2

C
D
E

DEFINITION
Known human carcinogen
Probable human carcinogen; limited human data are available
Probable human carcinogen; sufficient animal data are
available but inadequate human data are available
Possible human carcinogen
Not classifiable as to human carcinogenicity
Evidence of noncarcinogenicity in humans

L/DOCUMENTS/RAC/RAC3̂ 7525/14688/SEC6 3QO

AR300657



6.4.4 Adjustment of Dose-Response Parameters for Dermal Exposure

Risks associated with dermal exposures were evaluated using toxicity values that are specific to
absorbed dermal doses. Most oral toxicity values are based on administered doses rather than absorbed
doses. Therefore, in accordance with EPA Region III (1995) and EPA (1989a, Appendix A) guidance, the
toxicity values based on administered doses were adjusted before they were used for evaluating
absorbed doses.

Dermal RfDs and SFs were obtained from oral RfDs and SFs via the following relationships:

Adjured O

where:

Glorai = Gastrointestinal (Gl) Absorption Efficiency (EPA, 1995)
RfDora, = Oral Reference Dose (EPA, 2000a; EPA, 2000b; EPA, 1997a; or EPA-NCEA)
SForai = Oral Slope Factor (EPA, 2000a; EPA, 2000b; EPA, 1997a; or EPA-NCEA)

Dermally adjusted RfDs and SFs for COPCs are presented in Appendix K (Part 5) Table 5.1 (RAGs D
5.1) and Appendix K (Part 6) Table 6.1 (RAGs D6.1), respectively.

6.4.5 Carcinoaenicitv of PAHs

Carcinogenic PAHs are related by chemical structure. Only benzo(a)pyrene has an EPA-published SF
(EPA, 2000a). All other carcinogenic PAHs, except carbazole, have SFs based on their potency relative
to benzo(a)pyrene. The relative potency factors (RPF) for carcinogenic PAH COPCs at Crossley Farm
Site were as follows (EPA, 2000b):

• Benzo(a)pyrene (RPF = 1 .0)
• Benz(a)anthracene (RPF = 0.1)
• Benzo(b)fluoranthene (RPF = 0.1)
• Benzo(k)fluoranthene (RPF = 0.01)
• Chrysene (RPF = 0.001 )
• Dibenz(a,h)anthracene (RPF = 1.0)
• lndeno(1,2,3-cd)pyrene (RPF = 0.1)
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6.4.6 Toxicitv Criteria for Chromium

The toxicity criteria for hexavalent chromium (Crt6) were used in this BLRA evaluation because speciation
data (i.e., trivalent versus hexavalent) were not available for samples collected in areas/media of concern
at Crossley Farm Site. Hexavalent chromium was considered to be more toxic than trivalent chromium;
therefore, this assumption is conservative in nature.

6.4.7 Toxicitv Criteria for Mercury

The toxicity criteria for methyl mercury were used in this BLRA evaluation as the form of mercury in
sediment locations at Crossley Farm Site. Methyl mercury was considered to be more toxic than
inorganic mercury; therefore, this assumption is conservative in nature.

The toxicity criteria for mercuric chloride were used in this BLRA evaluation as the form of mercury
present in the soil media at Crossley Farm Site. Organic mercury was not expected to be present in the
soil media, therefore, mercuric chloride was chosen to represent mercury.

6.5 RISK CHARACTERIZATION

Potential human health risks resulting from the exposures outlined in the preceding sections are
characterized in this section on a quantitative and qualitative basis. Quantitative risk estimates were
generated based on risk assessment methods outlined in current EPA guidance (EPA, 1989a).
Noncarcinogenic risk estimates were presented in the form of HQs and His, which are determined
through comparison of estimated intakes with published RfDs. Incremental cancer risk estimates were
provided in the form of dimensionless probabilities based on SFs. Subsections 6.5.1 and 6.5.2 provide
details regarding these evaluations.

Estimated human intakes were developed for each of the specific exposure routes discussed in the
preceding sections. Both noncarcinogenic and carcinogenic risks are summarized for each exposure
route on a series of tables in this section.

6.5.1 Noncarcinoqenic Risks

Noncarcinogenic risk was assessed using the concept of HQs and His. The HQ is defined as the ratio of
the estimated intake and the RfD for a selected chemical of concern, as follows:
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RfD

His were generated by summing the individual HQs for the COPCs. If the value of the HI exceeds unity
(1.0), the potential for noncarcinogenic health risks associated with exposure to that particular chemical
mixture cannot be ruled out (EPA, 1986b). In that case, particular attention should be paid to the target
organ(s) affected by each chemical because these are generally the organ(s) associated with RfD-
derived effects, and results (His) for different organs are not truly additive. The HI is not defined as a
mathematical prediction of the severity of toxic effects; it is simply a numerical indicator of exceedance of
the acceptable threshold for noncarcinogenic effects. Above an HI of 1, toxic effects would not
necessarily occur but can no longer be ruled out.

6.5.2 Carcinogenic Risks

Incremental cancer risk estimates were generated for each of the exposure pathways using the estimated
intakes and published SFs, as follows:

Risk = Intake x SF

If the above equation results in a risk greater than 0.01, the following equation is used:

The risk determined using these equations is defined as a unitless expression of an individual's increased
likelihood of developing cancer as a result of exposure to carcinogenic chemicals. An incremental cancer
risk of 1 x 10"6 indicates that the exposed receptor has a one in ONE million chance of developing cancer
under the defined exposure scenario. Alternatively, such a risk may be interpreted as representing one
additional case of cancer in an exposed population of one million persons. The calculated cancer risks
should be recognized as upper-limit estimates. SFs are defined as the upper 95 percent confidence limit
of a dose-response curve generally derived from animal studies. Actual human risk, while not identifiable,
is not expected to exceed the upper limit based on the SFs and may, in fact, be lower.

EPA has generally defined risks in the range of 1 x 10"4 to 1 x 10"6 as being acceptable for most
hazardous waste facilities addressed under CERCLA. For CERCLA activities, residual risks on the order
of 10~6 are the primary goal but are often modified by such regulatory requirements as (MCLs) or
chemical-specific clean-up goals.
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6.5.3 Comparison of Quantitative Risk Estimates to Benchmark Criteria

In order to interpret the quantitative risks and to aid risk managers in determining the need for
remediation at a site, quantitative risk estimates are compared to typical benchmarks.

An HI exceeding unity (1) indicates that there may be potential noncarcinogenic health risks associated
with exposure. If an HI exceeds unity, target organ effects from individual COPCs contributing to the risk
are considered. Only those chemicals that impact the same target organ(s) or exhibit similar critical
effect(s) will be regarded as truly additive. Thus, COPCs contributing to an HI greater than 1 on the basis
of a single target organ or effect are considered to be chemicals of concern (COCs).

EPA has defined the range of 1 x 10"4 to 1 x 10"6 as the incremental cancer risk (ICR) "target range" for
most hazardous waste facilities evaluated. Cumulative ICRs greater than 1 x 10"4 generally will indicate
that some degree of remediation is required, and ICRs below 1 x 10"6 normally will not result in remedial
efforts. Whenever ICRs fall between 1 x 10"4 to 1 x 10"6, decisions for remediation will be made on a
case-specific basis. Individual chemicals contributing significantly to risks above the target range are
considered to be COCs.

Potential RME hazard indices and RME cancer risks were estimated for future and current/future potential
receptors using the methodologies presented in Sections 2.0 through 4.0. The following sections present
a summary of the results of the estimation of risk at areas/media of concern at Crossley Farm Site.
Receptor risks are presented for each area or medium of concern in the form of tables and summarizing
text. Each section includes summaries of the risks estimated by the exposure scenarios. It should be
noted that, in each risk summary table where HQs are reported as N/A, the HQs were not calculable
because no RfD has been established. Usually in such cases, carcinogenicity is considered to be more
important, since carcinogenicity will generally be seen at lower doses than noncarcinogenic effects.
Cancer risks that are reported as "N/A" generally indicate that the chemical is not carcinogenic or that an
SF has not yet been developed.

6.5.4 Site-Specific Noncarcinoqenic Risks

Site-specific noncarcinogenic risks were estimated for potential receptors at Crossley Farm Site. These
risks are discussed below and are presented in Appendix K (Part 7) Table 7 (RAGs D 7.1.RME through
7.171.RME and 7.1.CTE through 7.53.CTE). If the RME HI did not exceed 1.0 for any target organ group,
then the CTE risk was not calculated for that medium and that receptor.
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6.5.4.1 Area Groundwater (Center of Plume)

The estimated RME HI for a residential child exposed to area groundwater at Crossley Farm Site was
2,350 [Appendix K (Part 7) Table 7 (RAGs D 7.1.RME); with exposure contributions from ingestion and
dermal absorption], which exceeded the acceptable level of 1.0. The target organs with His exceeding 1.0
were liver, blood, Gl tract, central nervous system (CNS), kidney, immune system, and thymus. The
primary contributor to the total HI was TCE via ingestion and dermal absorption.

The estimated CTE HI for a residential child exposed to area groundwater at Crossley Farm Site was
1540 [Appendix K (Part 7) Table 7 (RAGs D 7.1.CTE), exposure contributions from ingestion and dermal
absorption], which exceeded the acceptable level of 1.0. The target organs with His exceeding 1.0 were
liver, blood, Gl tract, CNS, kidney, immune system, and thymus. The primary contributor to the total HI
was TCE via ingestion and dermal absorption.

The estimated RME HI for a residential adult exposed to area groundwater at Crossley Farm Site was
1,010 [Appendix K (Part 7) Table 7 (RAGs D 7.2.RME), exposure contributions from ingestion and Table
7 (RAGs D 7.3.RME), exposure contributions from inhalation of volatiles during showering], which
exceeded the acceptable level of 1.0. The target organs with His exceeding 1.0 were liver, blood, Gl
tract, kidney, immune system, and respiratory system. The primary contributors to the total HI were
chloroform via inhalation of vapors during showering and trichloroethene via ingestion of tap water.

The estimated CTE HI for a residential adult exposed to area groundwater at Crossley Farm Site was 420
[Appendix K (Part 7) Table 7 (RAGs D 7.2.CTE), exposure contributions from ingestion, and Table 7
(RAGs D 7.3.CTE), exposure contributions from inhalation of volatiles], which exceeded the acceptable
level of 1.0. The target organs with His exceeding 1.0 were liver, blood, Gl tract, kidney, immune system,
and respiratory system. The primary contributors to the total HI were TCE via ingestion of tap water and
chloroform via inhalation of vapors during showering.

The estimated RME HI for an adult industrial worker exposed to area groundwater at Crossley Farm Site
was 213 [Appendix K (Part 7) Table 7 (RAGs D 7.4.RME), exposure contributions from ingestion and
dermal absorption], which exceeded the acceptable level of 1.0. The target organs with His exceeding
1.0 were liver, blood, Gl tract, kidney, and immune system. The primary contributor to the total HI was
TCE via ingestion and dermal absorption.

The estimated CTE HI for an adult industrial worker exposed to area groundwater at Crossley Farm Site
was 104 [Appendix K (Part 7) Table 7 (RAGs D 7.4.CTE), exposure contributions from ingestion and
dermal absorption], which exceeded the acceptable level of 1.0. The target organs with His exceeding 1.0
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were liver, blood, kidney, and immune system. The primary contributor to the total HI was TCE via
ingestion and dermal absorption.

The estimated RME HI for an adult construction worker exposed to area groundwater at Crossley Farm
Site was 106 [Appendix K (Part 7) Table 7 (RAGs D 7.5.RME), exposure contributions from dermal
absorption during construction activities], which exceeded the acceptable level of 1.0. The target organs
with His exceeding 1.0 were blood, immune, liver and kidney. The primary contributor to the total HI was
TCE via dermal absorption.

The estimated CTE HI for an adult construction worker exposed to area groundwater at Crossley Farm
Site was 35 [Appendix K (Part 7) Table 7 (RAGs D 7.5.CTE), exposure contributions from dermal
absorption], which exceeded the acceptable level of 1.0. The target organs with His exceeding 1.0 were
liver and kidney. The primary contributor to the total HI was TCE via dermal absorption.

6.5.4.2 Surface Soil

6.5.4.2.1 RME

The estimated RME HI for a residential child exposed to surface soil at Crossley Farm Site was 2.9
[Appendix K (Part 7) Table 7 (RAGs D 7.12.RME), exposure contributions from ingestion and dermal
absorption and Table 7 (RAGs D 7.13.RME), exposure contributions from inhalation of fugitive dust],
which exceeded the acceptable level of 1.0. The target organs blood and Gl tract had a HI of 1.4 and the
target organ liver had a HI of 1.6 (primarily via ingestion of iron), which exceeded the acceptable level of
1.0.

Risks associated with iron in soil may be related to naturally occurring conditions. Crossley Farms Site is
situated within an iron mining area where the prevalence of iron ore is well documented and contributes
to indigenous soil iron concentrations that are greater than the iron levels typically found in soil from other
regions.
The estimated CTE His for a residential child exposed to surface soil at Crossley Farm Site did not
exceed 1.0 for any target organ group.

The estimated RME His for the residential adult, recreational child, recreational adolescent/pre-
adolescent, recreational adult, and industrial worker did not exceed 1.0.
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6.5.4.3 Total Soil (Potentially Disturbed Soil Comprised Of A Combination Of Surface Soil And
Subsurface Soil)

The estimated RME HI for a residential child exposed to total soil at Crossley Farm Site was 2.6
[Appendix K (Part 7) Table 7 (RAGs D 7.27.RME), exposure contributions from ingestion and dermal
absorption, Table 7 (RAGs D 7.28.RME), exposure contributions from inhalation of fugitive dust, and
Table 7 (RAGs D 7.29.RME), exposure contributions from inhalation of volatiles], which exceeded the
acceptable level of 1.0. The target organs blood and Gl tract had a HI of 1.4 and the target organ liver
had a HI of 1.6 (primarily via ingestion of iron), which exceeded the acceptable level of 1.0.

Risks associated with iron in soil may be related to naturally occurring conditions. Crossley Farms Site is
situated within an iron mining area where the prevalence of iron ore is well documented and contributes
to indigenous soil iron concentrations that are greater than the iron levels typically found in soil from other
regions.

The estimated CTE His for a residential child exposed to total soil at Crossley Farm Site did not exceed
1.0 for any target organ group.

The estimated RME His for the residential adult, recreational child, recreational adolescent/pre-
adolescent, recreational adult, industrial worker, and construction worker did not exceed 1.0.

6.5.4.4 Test Pit Soil

The estimated RME HI for a residential child exposed to test pit soil at Crossley Farm Site was 4.2
[Appendix K (Part 7) Table 7 (RAGs D 7.48.RME), exposure contributions from ingestion and dermal
absorption, Table 7 (RAGs D 7.49.RME), exposure contributions from inhalation of fugitive dust, and
Table 7 (RAGs D 7.50.RME), exposure contributions from inhalation of volatiles], which exceeded the
acceptable level of 1.0. The target organs blood and Gl tract had a HI of 1.8 and the target organ liver
had a HI of 2.4 (primarily via ingestion of iron), which exceeded the acceptable level of 1.0.

Risks associated with iron in soil may be related to naturally occurring conditions. Crossley Farms Site is
situated within an iron mining area where the prevalence of iron ore is well documented and contributes
to indigenous soil iron concentrations that are greater than the iron levels typically found in soil from other
regions.

The estimated CTE His for a residential child exposed to test pit soil at Crossley Farm Site did not exceed
1.0 for any target organ group.
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The estimated RME His for the residential adult, recreational child, recreational adolescent/pre-
adolescent, recreational adult, industrial worker, and construction worker did not exceed 1.0.

6.5.4.5 Sediment Exposure During Wading

6.5.4.5.1 Location SD08

Noncarcinogenic risks did not exceed a HI of 1.0 for any target organ group for the receptors potentially
exposed to sediment location SD08, including the residential child, residential adult, recreational child,
recreational pre-adolescent/adolescent, and the recreational adult.

6.5.4.5.2 Location SD10

Noncarcinogenic risks did not exceed a HI of 1.0 for any target organ group for the receptors potentially
exposed to sediment location SD10, including the residential child, residential adult, recreational child,
recreational pre-adolescent/adolescent, and the recreational adult.

6.5.4.5.3 Location SD12

Noncarcinogenic risks did not exceed a HI of 1.0 for any target organ group for the receptors potentially
exposed to sediment location SD12, including the residential child, residential adult, recreational child,
recreational pre-adolescent/adolescent, and the recreational adult.

6.5.4.5.4 Location SD13

Noncarcinogenic risks did not exceed a HI of 1.0 for any target organ group for the receptors potentially
exposed to sediment location SD13, including the residential child, residential adult, recreational child,
recreational pre-adolescent/adolescent, and the recreational adult.

6.5.4.5.5 Location SD14

Noncarcinogenic risks did not exceed a HI of 1.0 for any target organ group for the receptors potentially
exposed to sediment location SD13, including the residential child, residential adult, recreational child,
recreational pre-adolescent/adolescent, and the recreational adult.
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6.5.4.5.6 Location SD15

Noncarcinogenic risks did not exceed a HI of 1.0 for any target organ group for the receptors potentially
exposed to sediment location SD15 at Crossley Farm Site, including the residential child, recreational
child, recreational pre-adolescent/adolescent, residential adult, and the recreational adult.

6.5.4.5.7 Perkiomen Creek and Tributaries

Noncarcinogenic risks did not exceed a HI of 1.0 for any target organ group for the receptors potentially
exposed to sediment from Perkiomen Creek and Tributaries at Crossley Farm Site, including the
residential child, recreational child, recreational pre-adolescent/adolescent, residential adult, and the
recreational adult.

6.5.4.6 Sediment Exposure During Swimming

6.5.4.6.1 Location SD10

Noncarcinogenic risks did not exceed a HI of 1.0 for any target organ group for the receptors potentially
exposed to sediment location SD10 at Crossley Farm Site, including the residential child, recreational
child, recreational pre-adolescent/adolescent, residential adult, and the recreational adult.

6.5.4.6.2 Location SD17

Noncarcinogenic risks did not exceed a HI of 1.0 for any target organ group for the receptors potentially
exposed to sediment location SD17 at Crossley Farm Site, including the residential child, recreational
child, recreational pre-adolescent/adolescent, residential adult, and the recreational adult.

6.5.4.6.3 Location SD20

Noncarcinogenic risks did not exceed a HI of 1.0 for any target organ group for the receptors potentially
exposed to sediment location SD20 at Crossley Farm Site, including the residential child, recreational
child, recreational pre-adolescent/adolescent, residential adult, and the recreational adult.

6.5.4.7 Surface Water Exposure During Wading

The estimated RME HI for a recreational child exposed to surface water location SW10 at Crossley Farm
Site was 1.8 [Appendix K (Part 7) Table 7 (RAGs D 7.115.RME), exposure contributions from ingestion
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and dermal absorption], which exceeded the benchmark level of 1.0. The HI for the target organ kidney
was 1.7 and the HI for the target organ liver was 1.8. Trichloroethene was the principal COPC
contributing to these noncancer risks via dermal absorption. Note that spring location SW10 is not
currently in use by residents in this area.

The estimated CTE HI for a recreational child exposed to surface water location SW10 at Crossley Farm
Site was 1.8 [Appendix K (Part 7) Table 7 (RAGs D 7.39.CTE), exposure contributions from ingestion and
dermal absorption], which exceeded the benchmark level of 1.0. The HI for the target organ kidney was
1.7 and the HI for the target organ liver was 1.8. Trichloroethene was the principal COPC contributing to
these noncancer risks via dermal absorption.

The estimated RME HI for a recreational pre-adolescent/adolescent exposed to surface water location
SW10 at Crossley Farm Site was 1.3 [Appendix K (Part 7) Table 7 (RAGs D 7.116.RME), exposure
contributions from ingestion and dermal absorption], which exceeded the benchmark level of 1.0. The
His for the target organs kidney and liver were 1.3. Trichloroethene was the principal COPC contributing
to these noncancer risks via dermal absorption.

The estimated CTE HI for a recreational pre-adolescent/adolescent exposed to surface water location
SW10 at Crossley Farm Site was 1.3 [Appendix K (Part 7) Table 7 (RAGs D 7.40.CTE), exposure
contributions from ingestion and dermal absorption], which exceeded the benchmark level of 1.0. The
His for the target organs kidney and liver were 1.3. Trichloroethene was the principal COPC contributing
to these noncancer risks via dermal absorption.

The estimated RME HI for a recreational adult exposed to surface water location SW10 at Crossley Farm
Site was 1.0 [Appendix K (Part 7) Table 7 (RAGs D 7.117.RME), exposure contributions from ingestion
and dermal absorption], which equals the benchmark level of 1.0. The His for the target organs kidney
and liver were 1.0. Trichloroethene was the principal COPC contributing to these noncancer risks via
dermal absorption.

The estimated CTE HI for a recreational adult exposed to surface water location SW10 at Crossley Farm
Site was 1.0 [Appendix K (Part 7) Table 7 (RAGs D 7.41.CTE), exposure contributions from ingestion and
dermal absorption], which exceeded the benchmark level of 1.0. The His for the target organs kidney and
liver were 1.0. Trichloroethene was the principal COPC contributing to these noncancer risks via dermal
absorption.

The estimated RME HI for a residential child exposed to surface water location SW10 at Crossley Farm
Site was 1.8 [Appendix K (Part 7) Table 7 (RAGs D 7.118.RME), exposure contributions from ingestion
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and dermal absorption], which exceeded the benchmark level of 1.0. The HI for the target organ kidney
was 1.7 and the HI for the target organ liver was 1.8. Trichloroethene was the principal COPC
contributing to these noncancer risks via dermal absorption.

The estimated CTE HI for a residential child exposed to surface water location SW10 at Crossley Farm
Site was 1.8 [Appendix K (Part 7) Table 7 (RAGs D 7.42.CTE), exposure contributions from ingestion and
dermal absorption], which exceeded the benchmark level of 1.0. The HI for the target organ kidney was
1.7 and the HI for the target organ liver was 1.8. Trichloroethene was the principal COPC contributing to
these noncancer risks via dermal absorption.

The estimated RME HI for a residential adult exposed to surface water location SW10 at Crossley Farm
Site was 1.0 [Appendix K (Part 7) Table 7 (RAGs D 7.119.RME), exposure contributions from ingestion
and dermal absorption], which equals the benchmark level of 1.0. The His for the target organs kidney
and liver were 1.0. Trichloroethene was the principal COPC contributing to these noncancer risks via
dermal absorption.

The estimated CTE HI for a residential adult exposed to surface water location SW10 at Crossley Farm
Site was 1.0 [Appendix K (Part 7) Table 7 (RAGs D 7.43.CTE), exposure contributions from ingestion and
dermal absorption], which exceeded the benchmark level of 1.0. The His for the target organs kidney and
liver were 1.0. Trichloroethene was the principal COPC contributing to these noncancer risks via dermal
absorption.

RME noncarcinogenic risks for surface water samples SW8, SW12, SW13, SW14, SW15, and Perkiomen
Creek and Tributaries did not exceed 1.0 for any target organ group.

6.5.4.8 Surface Water Exposure During Swimming

The estimated RME HI for a recreational child exposed to surface water location SW10 at Crossley Farm
Site was 3.4 [Appendix K (Part 7) Table 7 (RAGs D 7.145.RME), exposure contributions from ingestion
and dermal absorption], which exceeded the benchmark level of 1.0. The HI for the target organ kidney
was 3.3 and the HI for the target organ liver was 3.4. Trichloroethene was the principal COPC
contributing to these noncancer risks via dermal absorption. Note that spring location SW10 is not
currently in use by residents in this area.

The evaluation of risks due to swimming is associated with uncertainty because the inhalation of VOCs
evaporating from surface water was not modeled. Risks could be biased somewhat low for this reason,
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although the evaporation rate during swimming would be less than that during showering, the later of
which was modeled at Crossley Farms Site as part of the groundwater exposure assessment.

The estimated CTE HI for a recreational child exposed to surface water location SW10 at Crossley Farm
Site was 2.2 [Appendix K (Part 7) Table 7 (RAGs D 7.44.CTE), exposure contributions from ingestion and
dermal absorption], which exceeded the benchmark level of 1.0. The His for the target organs kidney and
liver were 2.2. Trichloroethene was the principal COPC contributing to these noncancer risks via dermal
absorption.

The estimated RME HI for a recreational pre-adolescent/adolescent exposed to surface water location
SW10 at Crossley Farm Site was 2.3 [Appendix K (Part 7) Table 7 (RAGs D 7.146.RME), exposure
contributions from ingestion and dermal absorption], which exceeded the benchmark level of 1.0. The
His for the target organs kidney and liver were 2.3. Trichtoroethene was the principal COPC contributing
to these noncancer risks via dermal absorption.

The estimated CTE HI for a recreational pre-adolescent/adolescent exposed to surface water location
SW10 at Crossley Farm Site was 1.5 [Appendix K (Part 7) Table 7 (RAGs D 7.45.CTE), exposure
contributions from ingestion and dermal absorption], which exceeded the benchmark level of 1.0. The
His for the target organs kidney and liver were 1.5. Trichloroethene was the principal COPC contributing
to these noncancer risks via dermal absorption.

The estimated RME HI for a recreational adult exposed to surface water location SW10 at Crossley Farm
Site was 2.0 [Appendix K (Part 7) Table 7 (RAGs D 7.147.RME), exposure contributions from ingestion
and dermal absorption], which exceeded the benchmark level of 1.0. The His for the target organs kidney
and liver were 2.0. Trichloroethene was the principal COPC contributing to these noncancer risks via
dermal absorption.

The estimated CTE HI for a recreational adult exposed to surface water location SW10 at Crossley Farm
Site was 1.3 [Appendix K (Part 7) Table 7 {RAGs D 7.46.CTE), exposure contributions from ingestion and
dermal absorption], which exceeded the benchmark level of 1.0. The His for the target organs kidney and
liver were 1.3. Trichloroethene was the principal COPC contributing to these noncancer risks via dermal
absorption.

The estimated RME HI for a residential child exposed to surface water location SW10 at Crossley Farm
Site was 3.4 [Appendix K (Part 7) Table 7 (RAGs D 7.148.RME), exposure contributions from ingestion
and dermal absorption], which exceeded the benchmark level of 1.0. The HI for the target organ kidney
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was 3.3 and the HI for the target organ liver was 3.4. Trichloroethene was the principal COPC
contributing to these noncancer risks via dermal absorption.

The estimated CTE HI for a residential child exposed to surface water location SW10 at Crossley Farm
Site was 2.2 [Appendix K (Part 7) Table 7 (RAGs D 7.47.CTE), exposure contributions from ingestion and
dermal absorption], which exceeded the benchmark level of 1.0. The His for the target organs kidney and
liver were 2.2. Trichloroethene was the principal COPC contributing to these noncancer risks via dermal
absorption.

The estimated RME HI for a residential adult exposed to surface water location SW10 at Crossley Farm
Site was 2.0 [Appendix K (Part 7) Table 7 (RAGs D 7.149.RME), exposure contributions from ingestion
and dermal absorption], which exceeded the benchmark level of 1.0. The His for the target organs kidney
and liver were 2.0. Trichloroethene was the principal COPC contributing to these noncancer risks via
dermal absorption.

The estimated CTE HI for a residential adult exposed to surface water location SW10 at Crossley Farm
Site was 1.3 [Appendix K (Part 7) Table 7 (RAGs D 7.48.CTE), exposure contributions from ingestion and
dermal absorption], which exceeded the benchmark level of 1.0. The His for the target organs kidney and
liver were 1.3. Trichloroethene was the principal COPC contributing to these noncancer risks via dermal
absorption.

RME noncarcinogenic risks for surface water samples SW17 and SW20 did not exceed 10 for any target
organ group.

6.5.4.9 Agricultural (Milk) Scenario

The estimated RME HI for a child farm resident exposed to home-produced milk at Crossley Farm Site
[Appendix K (Part 7) Table 7 (RAGs D 7.160.RME), exposure contributions from ingestion], did not
exceed 1.0 for any one target organ.

The estimated RME HI for an adult farm resident exposed to home-produced milk at Crossley Farm Site
[Appendix K (Part 7) Table 7 (RAGs D 7.161.RME), exposure contributions from ingestion], did not
exceed 1.0 for any one target organ.
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6.5.4.10 Fish Exposure Scenario

6.5.4.10.1 Pond(SW20)

The RME His for a recreational child, recreational pre-adolescent/adolescent, recreational adult,
residential child and residential adult [Appendix K (Part 7) Table 7 (RAGs D 7.162.RME through
7.166.RME)] exposed to ingestion of recreationally caught fish in SW20 did not exceed 1.0 for any one
target organ.

6.5.4.10.2 Perkiomen Creek

The RME His for a recreational child, recreational pre-adolescent/adolescent, recreational adult,
residential child and residential adult [Appendix K (Part 7) Table 7 (RAGs D 7.167.RME through
7.171.RME)] exposed to ingestion of recreationally caught fish in the Perkiomen Creek did not exceed 1.0
for any one target organ.

6.5.5 Site-Specific Carcinogenic Risks

Site-specific carcinogenic risks were estimated for potential receptors at Crossley Farm Site. These risks
are discussed below and presented in Appendix K (Part 8) Table 8 (RAGs D 8.1.RME through
8.204.RME and 8.1.CTE through 8.57.CTE). If the RME ICR did not exceed 1 x 10"4, then the CTE risk
was not calculated for that medium.

6.5.5.1 Area Groundwater (Center of Plume)

The estimated RME ICR for a residential child exposed to area groundwater at Crossley Farm Site was
2.0 x 10'2 [Appendix K (Part 8) Table 8 (RAGs D 8.1.RME]) exposure contributions from ingestion and
dermal absorption], which exceeded EPA's target risk range of 1 x 10"4 to 1 x 10"6. The primary
contributors to the cancer risk were TCE (ICR = 1.2 x 10~2) via ingestion and dermal absorption, 1,1-
dichloroethene (ICR = 3.9 x 10'3) primarily via ingestion, and tetrachloroethene (2.2 x 10"3) via ingestion
and dermal absorption.

The estimated CTE ICR for a residential child exposed to area groundwater at Crossley Farm Site was
4.3 x 10-3 [Appendix K (Part 8) Table 8 (RAGs D 8.1.CTE), exposure contributions from ingestion and
dermal absorption], which exceeded EPA's target risk range of 1 x 10-4 to 1 x 10-6. The primary
contributors to the cancer risk were TCE via ingestion (ICR = 8.9 x 10-4) and dermal absorption (ICR =
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1.7 x 10-3), 1,1-dichloroethene primarily via ingestion (ICR = 6.8 x 10-4), and tetrachloroethene via
ingestion (ICR = 1.0x10-4) and dermal absorption (ICR = 4.0x10-4).

The estimated RME ICR for a residential adult exposed to area groundwater at Crossley Farm Site was
2.9 x 10"2 [Appendix K (Part 8) Table 8 (RAGs D 8.2.RME) exposure contributions from ingestion and
Table 8 (RAGs D 8.3.RME), exposure contributions from inhalation of volatiles during showering], which
exceeded EPA's target risk range of 1 x 10"4 to 1 x 10~6. The primary contributors to the cancer risk were
TCE via ingestion (ICR = 6.8 x 10"3) and inhalation (ICR = 5.8 x 10"3), 1,1-dichloroethene via ingestion
(ICR = 5.2 x 10"3) and inhalation (ICR = 2.7 x 10"3), and carbon tetrachloride via ingestion (ICR = 1.3 x 10'
') and inhalation (ICR = 7.9 x 10

The estimated CTE ICR for a residential adult exposed to area groundwater at Crossley Farm Site was
5.4 x 10-3 [Appendix K (Part 8) Table 8 (RAGs D 8.2.CTE), exposure contributions from ingestion, and
Table 8 (RAGs D 8.3.CTE), exposure contributions from inhalation of volatiles during showering], which
exceeded EPA's target risk range of 1 x 10-4 to 1 x 10-6. The primary contributors to the cancer risk were
TCE via ingestion {ICR = 1.8 x 10-3) and inhalation (ICR = 5.4 x 10-4), 1,1-dichloroethene via ingestion
(ICR = 1.4 x 10-3) and inhalation (ICR = 2.5 x 10-4), tetrachloroethene primarily via ingestion (ICR = 2.1 x
10-4), and carbon tetrachloride primarily via ingestion (ICR = 3.4 x 10-4).

The estimated RME ICR for a lifetime resident (summation of child and adult residential exposure)
exposed to area groundwater at Crossley Farm Site was 5.0 x 10"2 [Appendix K (Part 8) Table 8 (RAGs D
8.4.RME), exposure contributions from ingestion and dermal absorption, and Table 8 (RAGs D 8.5.RME),
exposure contributions from inhalation of volatiles during showering], which exceeded EPA's target risk
range of 1 x 10"4 to 1 x 10"6. The primary contributors to the cancer risk were TCE via ingestion (ICR = 1.2
x 10"2), inhalation (ICR = 5.8 x 10'3), and dermal (ICR = 7.05 x 10'3), 1,1-dichloroethene via ingestion (ICR
= 8.8 x 10"3) and inhalation (ICR = 2.7 x 10"3), tetrachloroethene via ingestion (ICR = 1.3 x 10"3) and
dermal contact (ICR = 1.7 x 10~3), and carbon tetrachloride primarily via ingestion (ICR = 2.2 x 10"3).

The estimated CTE ICR for a lifetime resident (summation of child and adult residential exposure)
exposed to area groundwater was 9.8 x 10-3 [Appendix K (Part 8) Table 8 (RAGs D 8.4.CTE), exposure
contributions from ingestion and dermal absorption, and Table 8 (RAGs D 8.5.CTE), exposure
contributions from inhalation of volatiles during showering], which exceeded EPA's target risk range of 1 x
10-4 to 1 x 10-6. The primary contributors to the cancer risk were TCE via ingestion (ICR = 2.7 x 10-3)
and dermal absorption (ICR = 1.7 x 10-3), 1,1-dichloroethene via ingestion (ICR = 2.1 x 10-3) and
inhalation (ICR = 2.5 x 10-4), tetrachloroethene primarily via ingestion (ICR = 3.1 x 10-4) and dermal
absorption (ICR = 4.0 x 10-4), and carbon tetrachloride primarily via ingestion (ICR = 5.1 x 10-4).
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The estimated RME ICR for an adult industrial worker exposed to area groundwater at Crossley Farm
Site was 9.1 x 10"3 [Appendix K (Part 8) Table 8 (RAGs D 8.6.RME), exposure contributions from
ingestion and dermal absorption], which exceeded EPA's target risk range of 1 x 10"4 to 1 x 10'6. The
primary contributors to the cancer risk were TCE (ICR = 3.6 x 10"3) via ingestion and 1,1-dichloroethene
via ingestion (ICR = 2.7 x 10"3).

The estimated CTE ICR for an adult industrial worker exposed to area groundwater at Crossley Farm Site
was 1.1 x 10-3 [Appendix K (Part 8) Table 8 (RAGs D 8.6.CTE), exposure contributions from ingestion
and dermal absorption], which exceeded EPA's target risk range of 1 x 10-4 to 1 x 10-6. The primary
contributors to the cancer risk were TCE via ingestion (ICR = 4.1 x 10-4) and dermal absorption (ICR =
1.3 x 10-4), and 1,1-dichloroethene primarily via ingestion (ICR = 3.2 x 10-4).

The estimated RME ICR for an adult construction worker exposed to area groundwater at Crossley Farm
Site was 1.3 x 10"* [Appendix K (Part 8) Table 8 (RAGs D 8.7.RME), exposure contributions from dermal
absorption during construction activities], which exceeded EPA's target risk range of 1 x 10~* to 1 x 10"6.
The primary contributors to the cancer risk were TCE (ICR = 9.4 x 10~5) and tetrachloroethene (ICR =
2.1x10"5) via dermal absorption.

The estimated CTE ICR for an adult construction worker exposed to area groundwater at Crossley Farm
Site was 4.2 x 10-5 [Appendix K (Part 8) Table 8 (RAGs D 8.7.CTE), exposure contributions from dermal
absorption during construction activities], which was within EPA's target risk range of 1 x 10-4 to 1 x 10-6.
The primary contributors to the cancer risk were TCE (ICR = 3.1 x 10-5) and tetrachloroethene (ICR = 7.3
x 10-6) via dermal absorption.

6.5.5.2 Surface Soil

The estimated RME ICR for a residential child exposed to surface soil at the Crossley Farm Site was 9.8
x 10"6 [Appendix K (Part 8) Table 8 (RAGs D 8.14.RME), exposure contributions from ingestion and
dermal absorption, and Table 8 (RAGs D 8.15.RME), exposure contributions from inhalation of fugitive
dust], which was within EPA's target risk range of 1 x 10"* to 1 x 10"6. The primary contributor to the
cancer risk was arsenic primarily via ingestion (ICR = 9.6 x 10"6).

The estimated RME ICR for a residential adult exposed to surface soil at Crossley Farm Site was 5.1 x
10"6[Appendix K (Part 8) Table 8 (RAGs D 8.16.RME), exposure contributions from ingestion and dermal
absorption, and Table 8 (RAGs D 8.17.RME), exposure contributions from inhalation of fugitive dust],
which was within EPA's target risk range of 1 x 10"4 to 1 x 10"6. The primary contributor to the cancer risk
was arsenic primarily via ingestion (ICR = 4.6 x 10"6).
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The estimated RME ICR for a lifetime resident exposed to surface soil at Crossley Farm Site was 1.5 x
10"5[Appendix K (Part 8) Table 8 (RAGs D 8.18.RME), exposure contributions from ingestion and dermal
absorption, and Table 8 (RAGs D 8.19.RME), exposure contributions from inhalation of fugitive dust],
which was within EPA's target risk range of 1 x 10"4 to 1 x 10"6. The primary contributor to the cancer risk
was arsenic primarily via ingestion (ICR = 1.4 x 10~5).

The estimated RME ICR for an adult industrial worker exposed to surface soil at Crossley Farm Site was
2.4 x 10"6 [Appendix K (Part 8) Table 8 (RAGs D 8.20.RME), exposure contributions from ingestion and
dermal absorption, and Table 8 (RAGs D 8.21.RME), exposure contributions from inhalation of fugitive
dust], which was within EPA's target risk range of 1 x 10"4 to 1 x 10"6. The primary contributor to the
cancer risk was arsenic primarily via ingestion (ICR = 1.7 x 10"6).

The estimated RME ICRs for a recreational child, recreational adolescent/pre-adolescent, and a
recreational adult exposed to surface soil were less than EPA's target risk range of 1 x 10"4 to 1 x 10"6.

6.5.5.3 Total Soil (Disturbed Soil Comprised of a Combination of Surface Soil and Subsurface
Soil)

The estimated RME ICR for a residential child exposed to total soil at Crossley Farm Site was 1.0 x 10~5
[Appendix K (Part 8) Table 8 (RAGs D 8.31.RME), exposure contributions from ingestion and dermal
absorption, Table 8 (RAGs D 8.32.RME), exposure contributions from inhalation of fugitive dust, and
Table 8 (RAGs D 8.33.RME), exposure contributions from inhalation of volatiles], which was within EPA's
target risk range of 1 x 10"4 to 1 x 10"6. The primary contributors to the cancer risk were arsenic primarily
via ingestion (ICR = 6.4 x 10"6), benzo(a)pyrene via ingestion (ICR = 1.9 x 10"6), and
dibenz(a,h)anthracene via ingestion (ICR = 1.4 x 10~6).

The estimated RME ICR for a residential adult exposed to total soil at Crossley Farm Site was 5.2 x 10"6
[Appendix K (Part 8) Table 8 (RAGs D 8.34.RME), exposure contributions from ingestion and dermal
absorption, Table 8 (RAGs D 8.35.RME), exposure contributions from inhalation of fugitive dust, and
Table 8 (RAGs D 8.36.RME), exposure contributions from inhalation of volatiles], which was within EPA's
target risk range of 1 x 10"4 to 1 x 10"6. The primary contributors to the cancer risk was arsenic (ICR = 3.0
x 10"6) via ingestion.

The estimated RME ICR for a lifetime resident exposed to total soil at Crossley Farm Site was 1.6 x 10"5
[Appendix K (Part 8) Table 8 (RAGs D 8.37.RME), exposure contributions from ingestion and dermal
absorption, Table 8 (RAGs D 8.38.RME), exposure contributions from inhalation of fugitive dust, and
Table 8 (RAGs D 8.39.RME), exposure contributions from inhalation of volatiles], which was within EPA's
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target risk range of 1 x 10̂ * to 1 x 10" . The primary contributors to the cancer risk were arsenic primarily
via ingestion (ICR = 9.5 x 10"6), benzo(a)pyn
dibenz(a,h)anthracene via ingestion (ICR = 2.1 x 10"6).
via ingestion (ICR = 9.5 x 10"6), benzo(a)pyrene via ingestion (ICR = 2.9 x 10"6), and

The estimated RME ICR for an adult industrial worker exposed to total soil at Crossley Farm Site was 2.3
x 10'6 [Appendix K (Part 8) Table 8 (RAGs D 8.40.RME), exposure contributions from ingestion and
dermal absorption, Table 8 (RAGs D 8.41.RME), exposure contributions from inhalation of fugitive dust,
and Table 8 (RAGs D 8.42.RME), exposure contributions from inhalation of volatiles], which was within
EPA's target risk range of 1 x 10"4 to 1 x 10"6. The primary contributor to the cancer risk was arsenic
primarily via ingestion (ICR = 1.1 x 10"6).

The estimated RME ICRs for a recreational child, recreational adolescent/pre-adolescent, a recreational
adult, and a construction worker exposed to total soil were less than EPA's target risk range of 1 x 10"4 to
1 xlG"6.

6.5.5.3 Test Pit Soil

The estimated RME ICR for a residential child exposed to test pit soil at Crossley Farm Site was 3.0 x 10"
5 [Appendix K (Part 8) Table 8 (RAGs D 8.55.RME), exposure contributions from ingestion and dermal
absorption, Table 8 (RAGs D 8.56), exposure contributions from inhalation of fugitive dust, and Table 8
(RAGs D 8.57.RME), exposure contributions from inhalation of volatiles], which was within EPA's target
risk range of 1 x lO^to 1 x 10"6. The primary contributors to the cancer risk were arsenic (ICR = 1.3 x 10"
5) and benzo(a)pyrene {ICR = 9.6 x 10"6) via ingestion.

The estimated CTE ICR for a residential child exposed to test pit soil at Crossley Farm Site was 3.4 x 10-
6 [Appendix K {Part 8) Table 8 {RAGs D 8.55.RME), exposure contributions from ingestion and dermal
absorption, Table 8 {RAGs D 8.56), exposure contributions from inhalation of fugitive dust, and Table 8
{RAGs D 8.57.RME), exposure contributions from inhalation of volatiles], which was within EPA's target
risk range of 1 x 10-4 to 1 x 10-6. The primary contributors to the cancer risk were arsenic (ICR = 1.5 x
10-6) and benzo(a)pyrene (ICR = 1.1 x 10-6) via ingestion.

The estimated RME ICR for a residential adult exposed to test pit soil at Crossley Farm Site was 1.5 x 10"
5 [Appendix K (Part 8) Table 8 [(AGs D 8.58.RME), exposure contributions from ingestion and dermal
absorption, Table 8 (RAGs D 8.59.RME), exposure contributions from inhalation of fugitive dust, and
Table 8 {RAGs D 8.60.RME), exposure contributions from inhalation of volatiles], which was within EPA's
target risk range of 1 x 10"4 to 1 x 10"6. The primary contributors to the cancer risk were arsenic (ICR =
6.3 x 10"6) and benzo{a)pyrene (ICR = 4.6 x 10"6) via ingestion.
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The estimated RME ICR for a lifetime resident exposed to test pit soil at Crossley Farm Site was 4.5 x 10"
5 [Appendix K (Part 8) Table 8 (RAGs D 8.61.RME), exposure contributions from ingestion and dermal
absorption, Table 8 (RAGs D 8.62. RME), exposure contributions from inhalation of fugitive dust, and
Table 8 (RAGs D 8.63.RME), exposure contributions from inhalation of volatiles], which was within EPA's
target risk range of 1 x 10"4 to 1 x 10"6. The primary contributors to the cancer risk were arsenic (ICR =
2.0 x 10'5) and benzo(a)pyrene (ICR = 1.4 x 10"5) via ingestion.

The estimated RME ICR for an adult industrial worker exposed to test pit soil at Crossley Farm Site was
6.5 x 10"6 [Appendix K (Part 8) Table 8 (RAGs D 8.64), exposure contributions from ingestion and dermal
absorption, Table 8 {RAGs D 8.65), exposure contributions from inhalation of fugitive dust, and Table 8
{RAGs D 8.66.RME), exposure contributions from inhalation of volatiles], which was within EPA's target
risk range of 1 x 10"4 to 1 x 10"6. The primary contributors to the cancer risk were arsenic (ICR = 2.3 x 10"
6) via ingestion and benzo(a)pyrene (ICR = 1.7 x 10'6) via ingestion.

The estimated RME ICR for an adult construction worker exposed to test pit soil at Crossley Farm Site
was 1.3 x 10"6 [Appendix K (Part 8) Table 8 (RAGs D 8.67.RME), exposure contributions from ingestion
and dermal absorption, and Table 8 (RAGs D 8.68.RME), exposure contributions from inhalation of
fugitive dust, and Table 8 {RAGs D 8.69.RME), exposure contributions from inhalation of volatiles], which
was within EPA's target risk range of 1 x 10"* to 1 x 10"6. The primary contributors to the cancer risk were
arsenic (ICR = 5.6 x 10'7) and benzo(a)pyrene (ICR = 4.1 x 10~7) via ingestion.

The estimated RME ICRs for a recreational child, recreational adolescent/pre-adolescent, and a
recreational adult exposed to test pit soil were less than EPA's target risk range of 1 x 10"4 to 1 x 10"6.

6.5.5.5 Sediment Exposure During Wading

6.5.5.5.1 SD08

The estimated RME ICRs for a recreational child, recreational adolescent/pre-adolescent, recreational
adult, residential child, and residential adult exposed to sediment sample SD08 were less than EPA's
target risk range of 1 x 10"4 to 1 x 10"6.

6.5.5.5.2 SD10

The estimated RME ICRs for a recreational child, recreational adolescent/pre-adolescent, recreational
adult, residential child, and residential adult exposed to sediment sample SD10 were less than EPA's
target risk range of 1 x 10"4 to 1 x 10"6
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6.5.5.5.3 SD12

The estimated RME ICRs for sediment sample SD12 were within EPA's target risk range of 1 x 10"4 to 1 x
10'Bfor a recreational child, residential child, residential adult, and lifetime resident. The estimated RME
ICR for a recreational child and residential child was 1.2 x 10"6 [Appendix K (Part 8) Table 8 (RAGs D
8.82.RME) and Table 8 (RAGs D 8.85.RME), respectively, exposure contributions from ingestion and
dermal absorption]. The primary contributor to the cancer risk was arsenic (ICR = 1.1 x 10"6) via ingestion
and dermal absorption. The estimated RME ICR for a residential adult was 1.4 x 10"6 [Appendix K (Part
8) Table 8 (RAGs D 8.86.RME), exposure contributions from ingestion and dermal absorption]. The
primary contributor to the cancer risk was arsenic (ICR = 1.3 x 10"6) via ingestion and dermal absorption.
The estimated RME ICR for a lifetime resident was 2.5 x 10"6 [Appendix K (Part 8) Table 8 (RAGs D
8.87.RME), exposure contributions from ingestion/dermal absorption]. The primary contributor to the
cancer risk was arsenic (ICR = 2.4 x 10"6) via ingestion and dermal absorption.

6.5.5.5.4 SD13

The estimated RME ICRs for a recreational child, recreational adolescent/pre-adolescent, recreational
adult, residential child, and residential adult exposed to sediment sample SD13 were less than EPA's
target risk range of 1 x 10"4 to 1 x 10"6.

6.5.5.5.5 SD14

The estimated RME ICRs for a recreational child, recreational adolescent/pre-adolescent, recreational
adult, residential child, and residential adult exposed to sediment sample SD14 were less than EPA's
target risk range of 1 x 10"4 to 1 x 10"6.

6.5.5.5.6 SD15

The estimated RME ICRs for a recreational child, recreational adolescent/pre-adolescent, recreational
adult, residential child, and residential adult exposed to sediment sample SD15 were less than EPA's
target risk range of 1 x 10"4 to 1 x 10"6.

6.5.5.5.7 Perkiomen Creek and Tributaries

The estimated RME ICRs for a recreational child, recreational adolescent/pre-adolescent, recreational
adult, residential child, and residential adult exposed to sediment from Perkiomen Creek and Tributaries
were less than EPA's target risk range of 1 x 10"4 to 1 x 10"6.
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6.5.5.6 Sediment Exposure During Swimming

6.5.5.6.1 SD10

The estimated RME ICRs for a recreational child, recreational adolescent/pre-adolescent, recreational
adult, residential child, and residential adult exposed to sediment sample SD10 were less than EPA's
target risk range of 1 x 10"4 to 1 x 10"6.

6.5.5.6.2 SD17

The estimated RME ICRs for a recreational child, recreational adolescent/pre-adolescent, recreational
adult, residential child, and residential adult exposed to sediment sample SD17 were less than EPA's
target risk range of 1 x 10"4 to 1 x 10"6.

6.5.5.6.3 SD20

The estimated RME ICRs for a recreational child, recreational adolescent/pre-adolescent, recreational
adult, residential child, and residential adult exposed to sediment sample SD20 were less than EPA's
target risk range of 1 x 10"* to 1 x 10"6.

6.5.5.7 Surface Water Exposure During Wading

6.5.5.7.1 SW08, SW12, and SW14

The estimated RME ICRs for surface water samples SW08, SW12, and SW14 were less than EPA's
target risk range of 1 x 10"* to 1 x 10"6.

6.5.5.7.2 SW10

The estimated RME ICRs for surface water sample SW10 were within EPA's target risk range of 1 x 10"4
to 1 x 10"6 for a recreational child, recreational pre-adolescent/adolescent, recreational adult, residential
child, residential adult, and lifetime resident. The estimated RME ICR for a recreational child and
residential child was 1.1 x 10'5 [Appendix K (Part 8) Table 8 (RAGs D 8.136.RME and 8.139.RME),
respectively, exposure contributions from ingestion and dermal absorption]. The primary contributor to the
cancer risk was TCE (ICR - 1.0 x 10~5) via dermal absorption. The estimated RME ICR for a recreational
pre-adolescent/adolescent was 1.5 x 10"5 [Appendix K (Part 8) Table 8 (RAGs D 8.137.RME), exposure
contributions from ingestion and dermal absorption]. The primary contributor to the cancer risk was TCE
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(ICR = 1.3 x 10 ) via dermal absorption. The estimated RME ICR for a recreational adult was 1.4 x 10"
[Appendix K (Part 8) Table 8 (RAGs D 8.138.RME), exposure contributions from ingestion and dermal
absorption]. The primary contributor to the risk was TCE (ICR = 1.2 x 10"5) via dermal absorption. The
estimated RME ICR for a residential adult was 2.6 x 10"5 [Appendix K {Part 8) Table 8 (RAGs D
8.140.RME), exposure contributions from ingestion and dermal absorption]. The primary contributor to
the cancer risk was TCE (ICR = 2.3 x 10"5) via dermal absorption. The estimated RME ICR for a lifetime
resident was 3.7 x 10"5 [Appendix K (Part 8) Table 8 (RAGs D 8.141.RME), exposure contributions from
ingestion and dermal absorption]. The primary contributor to the cancer risk was TCE (ICR = 3.3 x 10~5)
via dermal absorption.

6.5.5.7.3 SW13

The estimated RME ICRs for surface water sample SW13 were within EPA's target risk range of 1 x 10"4
to 1 x lO^for a recreational child, recreational pre-adolescent/adolescent, recreational adult, residential
child, residential adult, and lifetime resident. The estimated RME ICR for a recreational child and
residential child was 9.9 x 10"6 [Appendix K (Part 8) Table 8 (RAGs D 8.148.RME and 8.151.RME),
respectively, exposure contributions from ingestion and dermal absorption]. The primary contributors to
the risk were PCE (ICR = 5.1 x 10"6) and TCE (ICR = 4.8 x 10"6) via dermal absorption. The estimated
RME ICR for a recreational pre-adolescent/adolescent was 1.3 x 10'5 [Appendix K (Part 8) Table 8 (RAGs
D 8.149.RME), exposure contributions from ingestion and dermal absorption]. The primary contributors to
the risk were PCE (ICR = 6.7 x 10"6) and TCE (ICR = 6.4 x 10"6) via dermal absorption. The estimated
RME ICR for a recreational adult was 1.3 x 10"5 [Appendix K (Part 8) Table 8 (RAGs D 8.150.RME),
exposure contributions from ingestion and dermal absorption]. The primary contributors to the risk were
PCE (ICR = 6.4 x 10"6) and TCE (ICR = 6.1 x 10"6) via dermal absorption. The estimated RME ICR for a
residential adult was 2.3 x 10'5 [Appendix K (Part 8) Table 8 (RAGs D 8.152.RME), exposure
contributions from ingestion and dermal absorption]. The primary contributors to the risk were PCE (ICR
= 1.2 x 10"5) and TCE (ICR = 1.1 x 10~5) via dermal absorption. The estimated RME ICR for a lifetime
resident was 3.3 x 10"5 [Appendix K (Part 8) Table 8 (RAGs D 8.153.RME), exposure contributions from
ingestion and dermal absorption]. The primary contributors to the risk were PCE (ICR = 1.7 x 10'5) and
TCE (ICR = 1.6 x 10"5) via dermal absorption.

6.5.5.7.4 SW15

The estimated RME ICRs for surface water sample SW15 were within EPA's target risk range of 1 x 10"4
to 1 x 10"6for a recreational child, recreational pre-adolescent/adolescent, recreational adult, residential
child, residential adult, and lifetime resident. The estimated RME ICR for a recreational child and
residential child was 6.6 x 10"6 [Appendix K (Part 8) Table 8 {RAGs D 8.160.RME and 8.163.RME),

UDOCUMENTS/RAC/RAC3/7525/14688/SEC6 322

AR300679



respectively, exposure contributions from ingestion and dermal absorption]. The primary contributors to
the risk were TCE (ICR = 5.0 x 10"6) and PCE (ICR = 1.6 x 10"6) via dermal absorption. The estimated
RME ICR for a recreational pre-adolescent/adolescent was 8.8 x 10"6 [Appendix K (Part 8) Table 8 (RAGs
D 8.161.RME), exposure contributions from ingestion and dermal absorption]. The primary contributors to
the risk were TCE (ICR = 6.7 x 10"6) and PCE (ICR = 2.1 x 10'6) via dermal absorption. The estimated
RME ICR for a recreational adult was 8.3 x 10"6 [Appendix K (Part 8) Table 8 (RAGs D 8.162.RME),
exposure contributions from ingestion and dermal absorption]. The primary contributors to the risk were
TCE (ICR = 6.3 x 10"6) and PCE (ICR = 2.0 x 10"6) via dermal absorption. The estimated RME ICR for a
residential adult was 1.5 x 10"5 [Appendix K (Part 8) Table 8 (RAGs D 8.164.RME), exposure
contributions from ingestion and dermal absorption]. The primary contributors to the risk were TCE (ICR
= 1.2 x 10"5) and PCE (ICR = 3.7 x 10"6) via dermal absorption. The estimated RME ICR for a lifetime
resident was 2.2 x 10"5 [Appendix K (Part 8) Table 8 (RAGs D 8.165.RME), exposure contributions from
ingestion and dermal absorption]. The primary contributors to the risk were TCE (ICR = 1.7 x 10"5) and
PCE (ICR = 5.3 x 10"6) via dermal absorption.

6.5.5.7.5 Perkiomen Creek and Tributaries

The estimated RME ICRs for Perkiomen Creek and Tributaries were within EPA's target risk range of 1 x
10"4 to 1 x 10"6 for a recreational child, recreational pre-adolescent/adolescent, recreational adult,
residential child, residential adult, and lifetime resident. The estimated RME ICR for a recreational child
and residential child was 4.1 x 10"6 [Appendix K (Part 8) Table 8 (RAGs D 8.166.RME and 8.169.RME),
respectively, exposure contributions from ingestion and dermal absorption]. The primary contributor to
the risk was TCE (ICR = 3.4 x 10"6) via dermal absorption. The estimated RME ICR for a recreational pre-
adolescent/adolescent was 5.5 x 10"6 [Appendix K (Part 8) Table 8 (RAGs D 8.167.RME), exposure
contributions from ingestion and dermal absorption]. The primary contributor to the risk was TCE (ICR =
4.5 x 10"6) via dermal absorption. The estimated RME ICR for a recreational adult was 5.2 x 10"6
[Appendix K (Part 8) Table 8 (RAGs D 8.168.RME), exposure contributions from ingestion and dermal
absorption]. The primary contributor to the risk was TCE (ICR = 4.3 x 10"6) via dermal absorption. The
estimated RME ICR for a residential adult was 9.6 x 10~6 [Appendix K (Part 8) Table 8 (RAGs D
8.170.RME), exposure contributions from ingestion and dermal absorption]. The primary contributors to
the risk were TCE (ICR = 7.9 x 10"6) and PCE (ICR = 1.6 x 10*6) via dermal absorption. The estimated
RME ICR for a lifetime resident was 1.4 x 10"5 [Appendix K (Part 8) Table 8 (RAGs D 8.171.RME),
exposure contributions from ingestion and dermal absorption]. The primary contributors to the risk were
TCE (ICR = 1.1 x 10"5) and PCE (ICR = 2.3 x 10"6) via dermal absorption.
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6.5.5.8 Surface Water Exposure During Swimming

6.5.5.8.1 SW10

The estimated RME ICRs for surface water sample SW10 were within EPA's target risk range of 1 x 10"4
to 1 x 10"6for a recreational child, recreational pre-adolescent/adolescent, recreational adult, residential
child, residential adult, and lifetime resident. The estimated RME ICR for a recreational child and
residential child was 2.2 x 10"5 [Appendix K (Part 8) Table 8 {RAGs D 8.172.RME and 8.175.RME),
respectively, exposure contributions from ingestion and dermal absorption]. The primary contributors to
the risk were TCE (ICR = 1.9 x 10"5) and PCE (ICR = 3.2 x 10"6) via dermal absorption. The estimated
RME ICR for a recreational pre-adolescent/adolescent was 2.8 x 10"5 [Appendix K {Part 8) Table 8 (RAGs
D 8.173.RME), exposure contributions from ingestion and dermal absorption]. The primary contributors to
the risk were TCE (!CR = 2.4 x 10"5) and PCE (ICR = 4.0 x 10"6) via dermal absorption. The estimated
RME ICR for a recreational adult was 2.8 x 10"5 [Appendix K (Part 8) Table 8 (RAGs D 8.174.RME),
exposure contributions from ingestion and dermal absorption]. The primary contributors to the risk were
TCE (ICR = 2.4 x 10"5) and PCE (ICR = 4.1 x 10"6) via dermal absorption. The estimated RME ICR for a
residential adult was 5.2 x 10"5 [Appendix K (Part 8) Table 8 (RAGs D 8.176.RME), exposure
contributions from ingestion and dermal absorption]. The primary contributors to the risk were TCE (ICR
= 4.5 x 10"5) and PCE (ICR = 7.5 x 10"6) via dermal absorption. The estimated RME ICR for a lifetime
resident was 7.4 x 10"5 [Appendix K (Part 8) Table 8 (RAGs D 8.177.RME), exposure contributions from
ingestion and dermal absorption]. The primary contributors to the risk were TCE (ICR = 6.3 x 10"5) and
PCE (ICR = 1.1 x 10~5) via dermal absorption.

6.5.5.8.2 SW17

The estimated RME ICRs for the recreational child, recreational pre-adolescent, recreational adult, and
residential child were less than EPA's target risk range of 1 x 10"4 to 1 x 10"6. The estimated RME ICRs
for surface water sample SW17 were within EPA's target risk range of 1 x 10"4 to 1 x 10"6 for a residential
adult and lifetime resident. The estimated RME ICR for a residential adult was 1.3 x 10"6 [Appendix K
(Part 8) Table 8 (RAGs D 8.182.RME), exposure contributions from ingestion and dermal absorption].
The primary contributor to the risk was TCE (ICR = 1.3 x 10"6) via dermal absorption. The estimated RME
ICR for a lifetime resident was 1.8 x 10"6 [Appendix K (Part 8) Table 8 (RAGs D 8.183.RME), exposure
contributions from ingestion and dermal absorption]. The primary contributor to the risk was TCE (ICR =
1.8 x 10'6) via dermal absorption.
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6.5.5.8.3 SW20

RME carcinogenic risks were not estimated for surface water sample SW20 because no carcinogenic
COPCs were selected.

6.5.5.9 Agricultural (Milk) Scenario

The estimated RME ICR for a child farm resident exposed to home-produced milk at Crossley Farm Site
[Appendix K (Part 8) Table 8 (RAGs D 8.190.RME), exposure contributions from ingestion], was less than
EPA's target risk range of 1 x 10"4 to 1 x 10"6.

The estimated RME ICR for an adult farm resident exposed to home-produced milk at Crossley Farm Site
was 1.9 x 10"6 [Appendix K (Part 8) Table 8 (RAGs D 8.191.RME), exposure contributions from ingestion],
which was within EPA's target risk range of 1 x 10"4 to 1 x 10"6. The primary contributor to the risk was
arsenic (ICR = 1.7 x 10"6) via ingestion.

The estimated RME ICR for a lifetime farm resident exposed to home-produced milk at Crossley Farm
Site was 2.6 x 10"6 [Appendix K (Part 8) Table 8 (RAGs D 8.192.RME), exposure contributions from
ingestion], which was within EPA's target risk range of 1 x 10"4 to 1 x 10"6. The primary contributor to the
risk was arsenic (ICR = 2.3 x 10"6) via ingestion.

6.5.5.10 Fish Exposure Scenario

6.5.5.10.1 Pond(SW20)

The RME ICRs for ingestion of recreationally caught fish in SW20 were not estimated because no
carcinogenic COPCs were selected for this location.

6.5.5.10.2 Perkiomen Creek

The estimated RME ICR for a recreational child exposed to ingestion of recreationally caught fish in the
Perkiomen Creek was 5.2 x 10"6 [Appendix K (Part 8) Table 8 (RAGs D 8.199.RME), exposure
contributions from ingestion], which was within EPA's target risk range of 1 x 10"4 to 1 x 10"6. The primary
contributor to the risk was arsenic (ICR = 5.2 x 10"6) via ingestion.

The estimated RME ICR for a recreational pre-adolescent/adolescent exposed to ingestion of
recreationally caught fish in the Perkiomen Creek was 3.5 x 10"6 [Appendix K (Part 8) Table 8 (RAGs D
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8.200.RME), exposure contributions from ingestion], which was within EPA's target risk range of 1 x 10"4
to 1 x 10"6. The primary contributor to the risk was arsenic (ICR = 3.5 x 10"6) via ingestion.

The estimated RME ICR for a recreational adult exposed to ingestion of recreationally caught fish in the
Perkiomen Creek was 2.7 x 10"6 [Appendix K (Part 8) Table 8 (RAGs D 8.201.RME), exposure
contributions from ingestion], which was within EPA's target risk range of 1 x 10"4 to 1 x 10"6. The primary
contributor to the risk was arsenic (ICR = 2.7 x 10"6) via ingestion.

The estimated RME ICR for a residential child exposed to ingestion of recreationally caught fish in the
Perkiomen Creek was 5.2 x 10"6 [Appendix K (Part 8) Table 8 (RAGs D 8.202.RME), exposure
contributions from ingestion], which was within EPA's target risk range of 1 x 10"4 to 1 x 10"6. The primary
contributor to the risk was arsenic (ICR = 5.2x10"6) via ingestion.

The estimated RME ICR for a residential adult exposed to ingestion of recreationally caught fish in the
Perkiomen Creek was 4.9 x 10"6 [Appendix K (Part 8) Table 8 (RAGs D 8.203.RME), exposure
contributions from ingestion], which was within EPA's target risk range of 1 x 10"4 to 1 x 10"6. The primary
contributor to the risk was arsenic (ICR = 4.9 x 10"6) via ingestion.

The estimated RME ICR for a lifetime resident exposed to ingestion of recreationally caught fish in the
Perkiomen Creek was 1.0 x 10"5 [Appendix K (Part 8) Table 8 (RAGs D 8.204.RME), exposure
contributions from ingestion], which was within EPA's target risk range of 1 x 10"4 to 1 x 10"6. The primary
contributor to the risk was arsenic (ICR = 1.0x10"5) via ingestion.

6.6 UNCERTAINTY ANALYSIS

The goal of the uncertainty analysis is to identify important uncertainties and limitations associated with
the BLRA. Uncertainties are related to each component of the assessment (i.e., data collection and
evaluation, exposure assessment, toxicity assessment, and risk characterization). The effect of a
particular uncertainty on the outcome of the assessment (i.e., risk estimates) is also indicated, where
possible.

As discussed in EPA (1989a), the risk measures used in Superfund site risk assessments are not fully
probabilistic estimates of risk but rather are conditional estimates based on a considerable number of
assumptions about exposure and toxicity. There are uncertainties associated with each aspect of risk
assessment, from environmental data collection through risk characterization. To support decision-
making processes, significant uncertainties in the risk assessment for Crossley Farm Site are noted in the
following sections.
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6.6.1 Uncertainties Associated with Data Collection and Evaluation

Major uncertainties associated with data collection and evaluation are highlighted below.

6.6.1.1 Selection of Locations and Numbers of Samples

The areal extent of the samples (including the number collected and location of the sampling points) in a
particular area or medium of interest impacts the selection of COPCs, the calculation of EPCs, and
consequently the risks estimated for a site. Generally, sample collection at each area of interest or site
should reflect actual site conditions and should include areas that contain the most significant
contamination or exposure problems. At Crossley Farm Site, the distribution of sampling locations at
several areas or media of interest greatly added to the uncertainty regarding whether the sampling results
reflect actual site conditions. The following items are considered significant:

• Surface Water - Only one surface water sample was collected at each location.
• Sediment - Only one sediment sample was collected at each location.

For the sampling areas listed above, very few samples were collected at each of the surface water and
sediment media. These problems affect whether the data set is considered representative of potential
site conditions for exposed receptors and impact the uncertainty for COPC selection, EPC calculation,
and risk estimation, as discussed in the following paragraphs

6.6.1.2 Data Collection Impacts on Selection of COPCs

Too few samples collected in an area or medium of interest can impact the selection of COPCs if
sampling coverage missed the areas of highest contamination, causing COPCs to be eliminated that are
actually significant contaminants at the site.

A potential problem could occur if too few samples were collected at an area or medium of interest at
Crossley Farm Site. An appropriate number of background samples was required to statistically compare
the data to site-related samples in order to screen out COPCs and risks that may be representative of
background conditions. It should be noted that this uncertainty affects only the RAGS D Table 10s in this
Risk Assessment. Background screening was only done after all site risks were presented (RAGS D
Tables 7, 8 and 9).

Background groundwater samples were collected (20 samples) for use for statistical comparisons in the
risk assessment analysis. However, the samples were potable wells not monitoring wells. Comparisons
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of background concentrations to sample concentrations were used to identify background risks for
groundwater in RAGS D Table 10s. A comparison of the concentrations collected in background
groundwater to the averages of site concentrations in the area groundwater (center of plume) is
presented in [Appendix J (Part 3) Table 15] and shows that some site concentrations of inorganics are
less than or similar to background groundwater. For iron, which was associated with an HQ greater than
1.0, concentrations in groundwater were not statistically greater than background.

Note that the use of potable wells to represent background conditions may result in different
concentrations of contaminants than would have been detected if actual background monitoring wells
were available for sampling. Suspended solids in monitoring wells but not potable wells can increase
metals concentrations, while contaminants in home piping such as copper could affect background
potable wells. Comparisons of on-site monitoring wells to non-representative potable background wells
could cause on-site monitoring well data to appear elevated above background when in fact this is not the
case, which would bias the risk assessment towards concluding that risks associated with metals are site
related rather than related to naturally occurring conditions.

Additionally, in surface water and sediment, too few site-related samples were collected to be usable in a
background comparison statistical test; therefore, background comparisons, could not be used to
eliminate COPCs from these areas and media of interest. In such cases, additional site-related samples
might have been able to demonstrate that site-related concentrations of some inorganics are not elevated
above background.

6.6.1.3 Data Collection Impacts on EPCs and Risks

The collection of only a very limited number of samples within an area or medium of interest can impact
the calculation of EPCs in three ways. First, the limited number of samples collected in an area or
medium of interest may cause the maximum to be selected instead of the 95 percent UCL as the EPC
because of fewer degrees of freedom and higher uncertainty in the H-value or t-value used to generate
the 95 percent UCL. In such cases, a more representative number could have been determined if
additional samples had been taken. Second, when limited samples are collected at an area or medium of
interest, sampling coverage may have missed the areas of highest contamination, which would cause the
EPC to be biased low. Third, due to the limited number of samples at several of the areas and media of
interest, EPCs were not only selected as the maximum concentration, but such values were also
associated with sample locations that are not easily accessible to potential receptors (i.e., subsurface soil
samples from depths that would normally not be used to assess risks to potential receptors).
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6.6.1.4 Data Collection Impacts on Risks

A major uncertainty associated with data collection at Crossley Farm Site is associated with the impacts
of sampling coverage and bias on risk estimation. The risk estimation is generally proportional to the
calculated EPCs; therefore, EPC and risk estimation uncertainties are interrelated such that uncertainties
in EPCs that are considered high will greatly affect the risks, and vice versa.

6.6.1.5 Summary of Data Collection Uncertainties Impacting COPC Selection, EPCs, and Risks

The magnitude of these uncertainties on risks is unknown; however, they are expected to have made a
significant impact on the risks at the site. The following impacts are possible:

• If the collected samples were representative of actual site conditions, the uncertainties would be
expected to be low and the impact on the risks is low.

• If the collected samples avoided areas of more substantial contamination, the uncertainties would be
expected to be high and the risks would be underestimated.

• If the collected samples represented high areas of contamination and avoided areas of lesser
contamination, the uncertainties would be expected to be high and the risks would be overestimated.
Additionally, because of insufficient background data, risks may be overestimated in total soil, surface
soil, test pit soil, sediment, and surface water because site-related concentrations of some inorganics
may not be elevated above background.

• Due to the limited number of samples at several of the areas and media of interest, the EPC was
selected as the maximum concentration and, in some cases, this value was based on concentrations
from locations that are not easily accessible to potential receptors (i.e., subsurface soil samples that
would normally not be used to assess risks to potential receptors). Use of a single maximum
detection as an EPC contributes to uncertainty and may result in an over- or underestimate of the
risks at a site.

6.6.1.6 Uncertainties Regarding the Selection of the EPC

Other uncertainties exist regarding selection of a concentration for input into the quantitative risk
assessment. The use of the exposure point concentration to estimate risk is generally regarded as a
conservative estimate since this entails using either the upper 95 percent confidence limit on the
arithmetic mean (based on normal or log-transformed data distribution) or the maximum concentration.
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The choice of the exposure point concentration as the value for input into the risk assessment generally
lowers the chances of underestimation of the actual risk present in a pathway at a particular area of
interest to a potential receptor. However, the use of the exposure point concentration may overestimate
the actual risk present in an exposure pathway at a particular area of interest.

The ability (power) of the W test to be able to correctly identify genuine differences between the shape of
a sample population versus a reference normal or lognormal population is reduced when too few samples
are collected. If an incorrect distributional assumption is made based on this test, this could lead to an
over- or underestimate of the upper 95 percent concentration, which in turn would create some additional
uncertainty as to whether the calculated risk is a reasonable approximation of high end exposure.

6.6.1.7 Uncertainties in Laboratory Data Quality

Validated laboratory data were used to calculate EPCs for area groundwater (center of plume), surface
soil, total soil, test pit soil, sediment, surface water, and milk. Established data validation procedures
were applied to define analytical uncertainties in terms of qualifying data as inaccurate or imprecise and
to eliminate data points that are unusable for risk assessment. This treatment does not eliminate all
uncertainty but focuses attention on potential areas of concern regarding accuracy, precision, and data
gaps.

6.6.1.8 Uncertainties in Analytical Database Usability

The chemical analytical database has some limitations regarding the representativeness of the laboratory
results, the inclusion of nondetected data, data gaps, number of samples collected, and heterogeneity of
sample data. The effects of these limitations on the results of the risk assessment are varied. Specific
actions are highlighted in Appendix J (Part 12 Tables 20 through 24), Data Usability Worksheets. These
actions should minimize uncertainty in the database.

The results of the data usability worksheets for area groundwater, total soil, test pit soil, sediment, and
surface water show that no data quality assessment problems are associated with specific areas and
media of concern at Crossley Farm Site; therefore, no impacts on the quantitative BLRA are expected.

The inclusion of nondetected groundwater data introduces uncertainty into the estimated EPCs because
in some cases samples were highly diluted for all VOCs in order to adjust TCE instrument readings low
enough to measure accurately. Although this is standard laboratory practice, one impact of including in
the database diluted sample results for parameters that were not detected is that the positive results in
the data set may end up being at a concentration much lower than the detection limits in certain samples.
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This introduces uncertainty because both positive results and non-detected results are used to
quantitatively estimate EPCs for a chemical. There is significant uncertainty in the risks for 1,1 -DCE, 1,2-
DCA, 1,1,2-TCA, benzene, chloroform, and carbon tetrachloride because these substances were each
detected only once out of 19 groundwater samples and the maximum detected concentrations ranged
from 0.4 to 7.0 ug/L, while their EPCs were influenced by the remaining 18 samples having high detection
limits because nondetects were assumed to represent positive values at half the detection limit. As a
consequence, the EPCs for 1,1-DCE, 1,2-DCA, 1,1,2-TCA, benzene, chloroform, and carbon
tetrachloride, were estimated as 930, 930, 1130, 930, 1000, and 1070 ug/L, respectively, while the only
positive values in the data set were 0.5, 2.0, 4.0, 0.4, 7, and 0.5 ug/L, respectively. This is a conservative
approach because it is not known at what level these chemicals may be present in the nondetected
samples; however, as a worst case the risks for these six compounds may be biased high from 140-fold
to 2000-fold. In contrast, 1,2-DCE, PCE and TCE were detected in multiple samples at levels in the
hundreds to greater than 1000 ug/L and their RME EPCs are considered representative of the conditions
in the center of the plume.

6.6.1.9 Uncertainties in Risk-Based Screening Levels

The use of single-route (ingestion) risk-based screening concentrations may lead to the underestimation
of risks since these values do not account for the additive effects across various exposure pathways.
However, the resultant effects on risks is not expected to be significant because conservative values,
derived from a target HI of 0.1 for noncarcinogens and a target risk of 1 x 10"6 for carcinogens, were
employed.

In general, the use of soil screening levels for sediment exposure is regarded as a conservative approach
to COPC selection because sediment exposure at the site is expected to be significantly less than soil
exposures that are the basis of the soil screening levels.

6.6.2 Uncertainties Associated with Exposure Assessment

Major uncertainties associated with Exposure Assessment are listed below.

6.6.2.1 Exposure Scenarios

The likelihood of the occurrence of the defined exposure scenarios is not always known. Identified land
use and activity patterns at a site are limited to the observations made during the field investigation and
known land uses in the surrounding area. The future anticipated land use at Crossley Farm Site is
expected to be commercial or light industrial. Likely potential receptors under this land use scenario
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include light industrial workers, construction workers, and recreational receptors. Additionally, exposures
to groundwater, total soil, surface soil, test pit soil, sediment, and surface water were evaluated for a
hypothetical child and adult resident. Residential land use is also a potential scenario for this site;
therefore, residential risks are presented in this risk assessment. Furthermore, residential land use
scenarios may determine whether land use restrictions are warranted at the site. In addition, raising dairy
cattle for commercial use is a known land use so an appropriate receptor was a child and adult farm
resident for the consumption of homeproduced milk. Exposure scenarios at Crossley Farm Site were
selected to define likely current and future potential receptor exposures at the site. Although actual
current and future exposure scenarios may not be exactly defined in this BLRA, the presented scenarios
are expected to be representative of exposures at the site. Therefore, the uncertainty associated with the
selection of exposure scenarios and potential receptors is expected to be low.

6.6.2.2 Exposure Equations

There are limitations to using various models and equations to estimate exposure doses or contaminant
concentrations. For example, the use of modeled concentrations (i.e., generated fugitive dust
concentrations and generated volatile emissions) in place of monitored values may not be indicative of
actual site conditions during exposure. Exposure to fugitive dust conservatively assumes that potential
receptors will be exposed to the same concentration indoors as outdoors (a very conservative
assumption), that soils within an area have unlimited erosion potential, that emissions can be estimated
from mean annual windspeed and vegetative cover, and that dispersion concentrations can be estimated
from source area, downwind distance to receptors, and region-wide meteorological factors. These
uncertainties were partially offset by the calculation of a site-specific particulate emission factor {PEF)
using defined site characteristics and assumptions provided in EPA's Soil Screening Guidance (EPA,
1996c). The effect of the uncertainties using the fugitive dust model is not expected to be significant,
because carcinogenic and noncarcinogenic risks estimated using the fugitive dust model were several
orders of magnitude below levels of concern at the areas and media of interest.

Exposure to volatile airborne emissions conservatively assumes that potential receptors will be exposed
to the same concentration indoors as outdoors (a very conservative assumption) and that dispersion
concentrations can be estimated from source area. Other uncertainties include medium-specific
parameters as well as site (area or medium of interest)-specific. There are uncertainties in the physical
modeling assumptions such as steady-state vapor- and liquid-phase diffusion through the vadose zone,
volumetric constants such as fraction organic carbon, total soil porosity, soil bulk density, and fractional
volumetric air content and water content in soils. There are also uncertainties in the dispersion model for
dilution of emitted VOCs within the assumed breathing zone. Uncertainties also exist for chemical-
specific volatilization factors (VFs) that are provided in EPA's Soil Screening Guidance (EPA, 1996c).
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The effect of the uncertainties using the volatile emission model is not expected to be significant, because
carcinogenic and noncarcinogenic risks estimated using the volatile airborne emission model were
several orders of magnitude below levels of concern at the areas and media of interest.

The evaluation of risks due to swimming is associated with uncertainty because the inhalation of VOCs
evaporating from surface water was not modeled. Risks could be biased somewhat low for this reason,
although the evaporation rate during swimming would be less than that during showering, the later of
which was modeled at Crossley Farms Site as part of the groundwater exposure assessment.

The model for dermal exposure to soil and sediment assumes that only a very thin, constant thickness
layer of soil is available for contaminant transfer to the stratum corneum and that a constant amount of
contaminant, proportional to the soil concentration, will be absorbed per unit area of skin and per
exposure event. However, adherence to skin varies with such factors as particle size, soil type, and
organic carbon content. As estimated by EPA (1992c), the absorbed dermal dose could vary by as much
as a factor of 50 from the model estimates, even assuming that activity patterns lead to the exposure
duration applied in the experimental trials used to develop absorption factors. Because of the lack of
reliable data regarding dermal absorption factors, the risk assessment provides default soil absorption
factors for all substances except three chemicals for which well-documented absorption factors are
available (arsenic, cadmium, and PCBs). Even so, considerable uncertainty exists with the accuracy of
estimates applied for these three chemicals.

The chemical-specific parameters such as Koc were literature-derived values that are measured under
conditions that may or may not be representative of on-site conditions. Parameters such as vapor
pressure and solubility were not always obtainable at the desired temperature. Parameters such as the
Kd for metals are strongly influenced by other factors such as the chemical form of the metal, the soil
type, and pH.

Prediction of absorption rates for lipophilic compounds is difficult due to, among other reasons, the
possibility of a second absorption pathway that depends on the lipid content of the stratum corneum at
the application site. Experimental determination of absorption rates indicates that interspecies
differences are considerable, which, along with other variabilities related to condition and age of skin,
differences in lag time, and site of application effects, yields appreciable uncertainty in estimated dermal
exposures by using published chemical-specific permeation functions. In addition, literature data indicate
a variation by as much as a factor of 300 in chemical absorption rates for skin in different anatomical
areas of the body. It should also be noted that children generally have greater absorption rates than
adults.
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Uncertainties exist in the exposure model for the inhalation of volatiles during showering such as
chemical-specific rates of volatilization, droplet size, and droplet residence time in the shower. Most of
the inputs into the models were considered conservative; therefore, the output may overestimate the
exposure for this route.

Uncertainties associated with the lack of groundwater modeling at the site include the assumption that
current conditions are indicative of future concentrations of contaminants. Contaminants may increase
(due to migration, sediment loading, or chemical transformation) or decrease (due to migration or
transformation) over time and vary from area to area. Soil-to-groundwater pathway screening was
conducted to determine if any substances might be present at levels sufficient to leach into groundwater.
This analysis indicated that chromium is the only substance that might conceivably leach from soil to
produce noteworthy groundwater concentrations in the future. However, chromium was not detected in
soil or groundwater at concentrations of current concern for direct contact with soil or tap water use of
groundwater. It should also be noted that the SSL criteria assumed that chromium is present in the more
soluble and more toxic hexavalent form. Since no chromium speciation was performed at Crossley Farm
Site, this was an appropriate, conservative assumption. In the majority of circumstances, trivalent
chromium is the predominant species present in soil samples.

Exposure assumptions can add uncertainty into the risk assessment process based on input values
selected for each exposure route. For example, not all people weigh 70 kilograms, drink 2 liters of water
per day, and live at the same residence for 30 years. The rationale for each assumption was provided in
each table of input parameters. Receptor characteristics, such as age and body weight, were based on
published values. Conservative values (based on reasonable maximum exposure data or professional
judgment) were used in combination with average values.

In general, the underestimation of risks was prevented using conservative exposure assumptions and
exposure concentrations. Although maximum concentrations are not a reasonable estimate of the
concentration expected to be experienced by a receptor over time, the use of these values does provide a
highly conservative estimate of risk to potential receptors. For highly skewed distributions, the maximum
concentration could be less than the upper 95 percent confidence limit on the mean. In these cases, the
maximum would be considered a reasonable estimate of the concentration expected to be experienced
by the receptor over time because of the uncertainty associated with the highly skewed data set.

6.6.3 Uncertainties Associated With Toxic it v Assessment
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6.6.3.1 RfDs and SFs

There is uncertainty associated with the RfDs and SFs. The uncertainty results from the extrapolation of
animal data to humans, the extrapolation of carcinogenic effects from the laboratory high-dose to the
environmental low-dose scenarios, and interspecies and intraspecies variations in toxicological endpoints
caused by chemical exposure. The use of EPA RfD values is generally considered to be conservative
because the doses are based on no-effect or lowest-observed-effect levels and then further reduced with
uncertainty factors to increase the margin of safety by a factor in the neighborhood of 10 to 1,000 fold.

There are uncertainties regarding nonthreshold (carcinogenic) effects extrapolation, from the high doses
administered to laboratory animals to the low doses received under more common human exposure
scenarios. Uncertainties due to short-time toxicological study predictions of long-term effects are also
present. Additionally, there is considerable interspecies variation in toxicological endpoints used in
characterizing potential health effects resulting from exposure to a chemical, and there is considerable
variability in sensitivity among individuals of any particular species.

The RfDs and SFs of some chemicals have not been established, and therefore toxicity could not be
quantitatively assessed. In most cases, where RfDs were unavailable for carcinogens, the carcinogenic
risk is considered to be much more significant since carcinogenic effects usually occur at much lower
doses.

The uncertainty associated with the dermal exposure is high because of the derivation of the dermal
slope factor and reference dose. The dermal toxicity factors are based on default oral absorption factors.
This can result in an overestimation of the toxicity factors. In general, dermal exposures at Crossley Farm
Site did not drive the carcinogenic or noncarcinogenic risks; therefore, the effects of this uncertainty are
expected to be minimal.

As discussed in Section 6.4.2, established RfDs have an inherent amount of uncertainty. Uncertainty
factors for RfDs used in this BLRA are presented in Appendix K (Part 5) on Table 5.1 and Table 5.2.
Some chemical specific uncertainties should be noted as follows:

Although the accepted basis for evaluating risk associated with exposure to arsenic is to assume it is a
carcinogen, there is uncertainty whether carcinogenic effects are the primary health effects expected to
be manifested upon exposure to arsenic. There is some scientific information to indicate that humans are
capable of metabolizing arsenic to expedite its elimination from the body (ATSDR, 1988). (Specifically,
the body methylates the arsenic to form monomethyl arsenic and dimethyl arsenic.) There is a limited
capacity for the body to metabolize methylate arsenic, but this limit is generally reached when the body's
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intake of arsenic approximately exceeds 500 UQ/day. Generally, concentrations of arsenic at the areas
and media of interest at Crossley Farm Site would be expected to correspond to levels that are well within
the body's ability to metabolize arsenic. On the other hand, arsenic has been associated with a variety of
cancers in epidemiological studies. This adds to the uncertainty regarding carcinogenic risks associated
with arsenic exposure.

In nature, chromium (III) predominates over chromium (VI) (Langard and Norseth 1986). Little chromium
(VI) exists in biological materials, except shortly after exposure, because reduction to chromium (III)
occurs rapidly. Hexavalent chromium can also be transformed to trivalent chromium. However,
hexavalent chromium is more soluble, and chromium in water samples is often found to be hexavalent.
No chromium speciation was performed at Crossley Farm Site; therefore, it was conservatively assumed
that chromium is present in the hexavalent form. This could tend to overestimate the noncarcinogenic
risks at the site.

Incidental ingestion of iron exceeded EPA's hazard quotient threshold of 1.0 under several exposure
pathways and receptors. Currently, no toxicity values for iron are published in (IRIS) or in (HEAST). The
oral reference dose used to evaluate exposures to iron was obtained from the current EPA Region III
RBC tables. This value is based on an allowable daily intake and not on an adverse effect level. In
addition, iron is considered an essential nutrient. Consequently, iron may not warrant serious health
concerns.

6.6.4 Uncertainties Associated with Risk Characterization

Major uncertainties associated with risk characterization are listed below.

• ICRs and His are summed for all potential COPCs and for all applicable routes of exposure.
Summing the risks implies that no antagonistic or synergistic effects exist between chemicals. It also
assumes that similar mechanisms of action and metabolism are prevalent. Therefore, the use of this
approach may either underestimate or overestimate the risks, depending on the chemical-specific
interactions, which cannot be predicted. The direction of the uncertainty cannot be defined, but the
methodology used is based on current EPA guidance.

• Risks to any individual may also be overestimated by summing multiple assumed exposure pathway
risks for any single receptor. Although every effort was made to develop reasonable scenarios, not
all individual receptors may be exposed via all pathways considered.
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* A tentatively identified compound (TIC) was detected in the following media: surface soil, total soil,
test pit soil, area groundwater (center of plume), and residential home wells. The TIC was identified
as tris(2-chloroethyl)phosphate (TCEP). Compounds that are identified as TICs cannot be
quantitatively evaluated because there is uncertainty in the detected concentration. Additionally,
TCEP is not listed on the Target Compound List; therefore, IRIS and HEAST do not list toxicity values
for this compound. Studies sponsored by the National Toxicology Program (NTP) have been
conducted on TCEP and these studies have assigned TCEP a weight of evidence classification of C -
a possible human carcinogen, based on an absence of evidence of carcinogenicity in human beings,
but limited evidence of carcinogenicity in experimental animals. Oral slope factors and reference
doses have also been estimated for TCEP. As a result, the risks associated with the media, where
TCEP was identified as a TIC, may be underestimated due to the presence of TCEP.

Semiquantitative estimates of the risks associated with TCEP were calculated using the derived RfD
of 0.3 mg/kg-day and the cancer slope factor of 0.014 (mg/kg-day)"1. The most sensitive receptors
were the residential child for noncancer risk and the lifetime resident for cancer risk, combined with
the maximum detected concentrations of TCEP in groundwater (220 ug/L) and soil (250 ug/kg). Only
the ingestion exposure pathway was considered for a first-level approximation of risks. For
groundwater ingestion, the HQ for the residential child would be 0.05. For the lifetime resident, the
cancer risk would be 4.9 x 10"5. For incidental ingestion of soil, the HQ for the residential child would
be 9.6 x 10"6. For the lifetime resident, the cancer risk would be 5.1 x 10"9. Although this
semiquantitative estimate considers only the ingestion pathway, assumes the maximum detected
concentration instead of the UCL, and utilizes toxicity factors that have not been extensively peer
reviewed by EPA scientists, nevertheless these rough estimates suggest that TCEP does not pose a
significant cancer or noncancer risk at the Crossley Farms site. However, inclusion of the dermal
pathway for groundwater ingestion might raise the cancer risk for a lifetime resident to a level
approaching the 1 x 10"4 threshold for significant risk.

• Estimated risks associated with area groundwater (center of plume) had 1,1-Dichloroethene as a
primary contributor to the risk. Risks associated with 1,1-DCE may be overestimated due to selection
of the EPC value. In area groundwater {center of plume) 1,1-DCE was detected in one sample at a
concentration of 0.5 ug/L. However, some samples, where 1,1-DCE was not detected, were diluted
so that concentrations of other contaminants could be detected. The dilutions resulted in detection
limits for 1,1-DCE that were much greater than 0.5 ug/L. As a result, an EPC value was selected that
may not be representative of actual concentrations in area groundwater at Crossley Farm Site.

» A qualitative analysis of a soil-to-groundwater exposure pathway resulted in chromium exceeding the
SSL. Chromium was not selected as a COPC in area groundwater (center of plume); however, the
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concentration of chromium, or other potential loading contaminants, may increase as a result of being
displaced from the soil to the groundwater. When contaminant concentration increases to a level that
exceeds its RBC the soil-to-ground water exposure pathway analysis will need to be re-evaluated.

• The IEUBK model accounts for the multimedia nature of lead exposure, incorporates absorption and
pharmacokinetic information, and allows the risk manager to consider the potential distributions of
exposure and risk likely to occur at a site (the model goes beyond providing a single point estimate
output). Although uncertainties are associated with blood-lead modeling using the IEUBK model,
these uncertainties are considered lower than those that conceivably would result from similar lead
evaluations performed using a traditional toxicity slope-based approach. Important uncertainties and
limitations in the use of the IEUBK model are listed below.

• The IEUBK model is predictive of blood lead for residential children in the range of 6 months to 7
years of age, which typically is considered to be a more sensitive subpopulation than adults. The
model does not apply to adults in either residential or industrial settings. An adult blood lead model
based on worker exposure for a pregnant woman was not used because the IEUBK model for
residential exposure is more conservative.

• The IEUBK model uses a default of 30 percent lead absorption from soil. However, the bioavailability
of lead from different sources may be variable due to differences in lead speciation, particle size, and
mineral matrix and may also vary as a function of physiological parameters such as age, nutritional
status, gastric pH, and transit time. For example, lead absorption from paint chips in soil may be
different than lead absorption from other chemical forms.

• Blood-lead variability in the IEUBK model is characterized by a single number, the geometric
standard deviation, which is set to a default value of 1.6. This value represents the aggregate
uncertainty in all sources of population variability, including biological, uptake, exposure, sampling,
and analytical components.

• Child blood-lead level predictions obtained using the IEUBK model reflect only the contributions of
sources entered into the model and do not take into account any existing body burden that may be
the result of prior exposures or any exposures that may have taken place at alternate locations away
from the household or neighborhood level, such as parks or daycare centers.

• The constituent contributing the most to the child resident noncancer risks in surface soil, total soil,
and test pit soils was iron. However, the majority of these risks may not be related to contamination
originating from Crossley Farm Site because the detected ranges of iron were similar between
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background reference samples and samples associated with the site. Crossley Farms Site is situated
within an iron mining area where the prevalence of iron ore is well documented and contributes to
indigenous soil iron concentrations that are greater than the iron levels typically found in soil from
other regions. In groundwater, the levels of iron were statistically not above the levels in background.
Therefore, in both groundwater and soil, risks from iron are associated with naturally occurring
conditions.

Noteworthy uncertainties associated with consumption of home-produced milk include chemical-
specific uncertainties in biotransfer factors, toxicity factor uncertainties, general uncertainties
associated with the assumptions of the biotransfer models, and uncertainties associated with intake
parameters in the exposure equation. Lead was detected in surface soil media. The estimated lead
intake rate from milk consumption presented in Appendix K (Part 7) Table 7 (RAGs D 7.160.RME and
7.47.CTE) and Appendix K (Part 8) Table 8 (RAGs D 8.190.RME) for a child farm resident was 4.7E-
05 mg/kg-day, which is an order of magnitude below the equivalent intake associated with
consumption of lead present in drinking water at the MCL of 15 ug/L. Exposures at this level would
not be expected to produce significant increases in blood-lead levels in more than 5 percent of an
exposed population; therefore, it was not necessary to run the IEUBK model to estimate blood-lead
levels for surface soil exposures to milk. The absorption of lead from food and liquid diet by infants
up to 6 months old is known to be very high and is much lower in adults (EPA, 1994b). Less is known
about changes in lead absorption from diet for older children. The bioavailability of lead salts in
drinking water is very high when consumed by adults between meals (EPA, 1994b), and very low
when consumed with meals.

ATSDR (1996) stated that heavy metals such as arsenic, beryllium, and lead can be found in waters
at toxic concentrations that may accumulate in meat, milk, or eggs at levels unfit for human
consumption. Sharma and Street (1980) stated that several of the heavy metals are known to
accumulate in animal tissue and lead to acute or chronic toxicosis from ingestion of animal feed
crops. Heavy metals may also be concentrated by plant tissues and may be subsequently stored in
animal tissues {Sharma and Street, 1980). Sharma and Street (1980) studied the uptake of lead and
cadmium in milk (cows) and meat (cows) from cows fed cadmium and lead in diets. For cadmium
and lead, consumption of meat, milk, and eggs from animals exposed to 10 ug/g of feed would not be
expected to cause an appreciable increase in daily human intake. However, liver and kidney
consumption may be expected to cause an appreciable increase in daily human intake.

VOCs, especially TCE, PCE, 1,1,1-TCA, and their breakdown products, have been found consistently
in groundwater and surface water near the site. Biouptake of VOCs is not customarily modeled
because these chemicals are expected to volatilize into the atmosphere rapidly from soil and VOCs
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are fairly labile compounds that do not persist in transfer forage or inside the cow for a significant
length of time. Even if present at moderate concentrations in the soil, VOCs would not be expected
to be a significant contributor to this exposure pathway.

• However, there may be significant uncertainty in the assumption that bioaccumulation is negligible for
the transfer of certain heavier VOCs into milk. A study (Hamada and Tanaka, 1995) of the
distribution of methyl chloroform, TCE, and PCE in lactating goats concluded that PCE demonstrates
the greatest tissue-partitioning, being largely secreted into the milk or retained in the liver; and TCE
can be extensively metabolized to other compounds in milk-fed kids (young goats). ATSDR (1996)
stated that PCE tends to accumulate in the fat of female animals and will concentrate in milk at higher
levels than in the blood, although little is known about how volatile organics are distributed in the body
once they are absorbed.

• Uncertainties exist in the input parameters for the model and the exposure pathway. The ingestion
rate of mitk represents an upper 95 percentile, a conservative value that is not expected to be
exceeded or matched by a majority of the population.

• The estimates of the bioconcentration factors (Bm and Br(orage) are assumed to be constant for each
chemical. The bioconcentration factor may or may not be a constant in each case of
bioaccumulation.

• Biotransfer factors in cattle may be affected by feeding regimens, rumen turnover rate, the type and
abundance of rumen microbes, rumen pH, and other factors related to the general nutritional health of
the animal. Biotransfer factors also vary with the type of meat product. For mercury, it has been
reported that residue concentrations are greater in the brain, liver, and kidney relative to other tissues
(National Academy of Sciences, 1974).

6.7 SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCS - RISKS DUE TO MULTIPLE
MEDIA

Although carcinogenic and noncarcinogenic risks were summarized separately for each exposure
medium in Section 6.5, a more realistic scenario is that each potential receptor can be exposed to more
than one medium, depending upon receptor activity patterns. In this section, additive risks were
estimated to show the maximum risks that each individual receptor might incur as a result of exposure to
multiple media at Crossley Farm Site. Maximum risks for a receptor were based upon the combined
exposure to those areas of interest having the highest risk for each medium; for example, including the
particular surface water/sediment location showing the highest risks, the particular soil type (surface soil,
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total soil, or test pit soil) that is associated with the highest risk, and consumption of recreationally caught
fish in caught in the particular stream having the greatest risk from bioconcentration of contaminants.

To present a balanced perspective, the significant risk drivers for each medium at the maximum risk
locations were compared to the risk drivers at other (lower risk) locations. The locations showing the
smallest cancer risk or target organ HI were also noted for each medium.

For soil and groundwater media, background data were used in statistical comparisons to site data in
order to determine which inorganic risk drivers were or were not elevated above naturally occurring
background levels. In groundwater, the noncancer risk driver iron was not present at levels statistically
greater than background. Therefore, risks associated with iron in groundwater may be related to naturally
occurring conditions. Iron was also one of the risk drivers in soil. Crossley Farms Site is situated within
an iron mining area where the prevalence of iron ore is well documented and contributes to indigenous
soil iron concentrations that are greater than the iron levels typically found in soil from other regions.
Therefore, in both groundwater and soil, risks from iron are associated with naturally occurring conditions.

With regards to additive exposures for each receptor, wading or swimming scenarios were assumed to
consist of 48 days per year of exposure at any one area/location. Because this was considered the
limiting total number of days a receptor might engage in wading or swimming, surface water risks for
wading or swimming could not be considered additive across multiple locations.

Given the assumptions regarding receptor activity, exposures to combined media included groundwater,
soils, sediment, surface water, and recreationally caught fish for the residential child and adult. All media
exposures except groundwater were applicable to the recreational child, pre-adolescent/adolescent, and
adult. Groundwater and soil exposures were applicable to the construction worker and industrial worker,
and exposure to contaminants in milk was applicable to the child and adult farm resident. For each
receptor, these combined media risks were tabulated in Appendix K (Part 9) Table 9 (RAGs D 9.1.RME
through 9.21.RME and 9.1 through 9.21 CTE) and are discussed below:

6.7.1 Recreational Receptor

6.7.1.1 Maximum Combined Exposure

Maximum risks for a recreational child, recreational pre-adolescent/adolescent, recreational adult, and
lifetime recreational receptor are shown in Appendix K (Part 9) Table 9 (RAGs D 9.1.RME, 9.2.RME,
9.3.RME, and 9.4.RME, respectively). The locations at Crossley Farm Site chosen to represent the
maximum risks for a recreational receptor exposed to all applicable media include: Test Pit Soil,
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SW/SD10 during wading activities, SW/SD10 during swimming activities, and surface water locations
associated with fishing in the Perkiomen Creek. The RME carcinogenic risks did not exceed 1 x 10"4 for
any of these pathways for the recreational child, the recreational pre-adolescent/adolescent, or the
recreational adult. For the lifetime recreational receptor, the total RME carcinogenic risk summed across
all pathways exceeded 1 x 10"4, although individual risks did not exceed 1 x 10"4 for any one pathway.
Maximum noncancer risks for these recreational receptors were driven by swimming and wading
exposures to TCE in surface water SW10. (For swimming and wading exposures, respectively,
noncancer risks were as follows: child HQs = 3.3 and 1.7; pre-adolescent/adolescent HQs = 2.3 and 1.3;
and adult HQs = 2.0 and 1.0).

CTE analyses for these receptors for maximum combined exposure are contained in Appendix K (Part 9)
Table 9 (RAGs D D 9.1.CTE, 9.2.CTE, 9.3.CTE, and 9.4.CTE). As was the case with RME exposure,
CTE analysis indicated that surface water location SW10 during swimming and wading activities was the
most significant contributor to the noncarcinogenic risk.

6.7.1.2 Risks Relative to Exposure Locations

For the recreational child, recreational pre-adolescent/adolescent, and recreational adult, TCE was a
noncancer risk driver for both wading and swimming via the dermal route at location SW10. At other
surface water/sediment locations, TCE was not associated with noncancer HQs above 1.0 or cancer risks
above 1 x 10"4, although TCE was detected at levels in the hundreds of ug/L in seeps too shallow for
swimming at locations SW11, SW13, and SW15. All surface water/sediment locations except SW10
(HQs noted above) exhibited noncancer risks with His less than 1.0 and cancer risks less than 1 x 10"4.
However, for all recreational receptors, cancer risks were within the acceptable risk range of 1 x 10"6 to 1
x 10"4 for wading locations SW10, SW13, SW15, and Perkiomen Creek and Tributaries and for swimming
location SW10. For the recreational child, recreational adult, and the lifetime recreational receptor,
location SW17 also exhibited cancer risks within the acceptable risk range of 1 x 10"6 to 1 x 10"4. For
most recreational receptors, sediment locations exhibited cancer risks less than 1 x 10"6. Sediment
location SD12 for the recreational child and the lifetime recreational receptor were the only cases
involving recreational exposure to sediment where cancer risks were above 1 x 10"6 but within the
acceptable risk range of 1 x 10"6 to 1 x 10"4 (attributable to arsenic).

A statistical comparison of surface water and sediment inorganic data to background locations was not
performed due to lack of sufficient data. It is not known whether the cancer risk for arsenic in sediment
might be attributable to naturally occurring conditions.
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6.7.1.3 Summary of Combined Risks

The COPCs contributing to significant noncarcinogenic risks for a recreational child, recreational pre-
adolescent/adolescent, recreational adult, and lifetime recreational receptor are shown in Appendix K
(Part 10) Table 10 (RAGs D 10.1.RME, 10.2.RME, 10.3.RME, and 10.4.RME, respectively). The same
information regarding COPCs which are risk drivers is presented for CTE risks using maximum exposure
locations in Appendix K (Part 10) Table 10 (RAGs D 10.1.CTE, 10.2.CTE, 10.3.CTE, and 10.4.CTE).

As previously noted, surface water exposure to SW10 was the primary location responsible for significant
risk. Risks related to recreational fishing and soil contact were less significant as shown by the sum of
the COPC risks for each medium in Appendix K (Part 10) Table 10 (RAGs D 10.1.RME, 10.2.RME,
10.3.RME, and10.4.RME).

6.7.2 Residential Receptor

6.7.2.1 Maximum Combined Exposure

Maximum risks for a residential child, residential adult, and lifetime resident are shown in Appendix K
(Part 9) Table 9 (RAGs D 9.5.RME, 9.6.RME, and 9.7.RME). The locations at Crossley Farm Site chosen
to represent the maximum risks for a residential receptor exposed to all applicable media include:
Groundwater, Test Pit Soil, SW/SD10 during wading activities, SW/SD10 during swimming activities, and
surface water locations associated with fishing in the Perkiomen Creek. For a residential child, residential
adult, and lifetime resident, the RME carcinogenic risks were significantly greater than 1 x 10"4 based
upon contributions from groundwater but risks across other pathways (soil, sediment, and surface water)
were less than 1 x 10"4. For the residential child, groundwater ingestion was 54 percent of combined
cancer risk and dermal contact with groundwater was 46 percent. For the residential adult, groundwater
ingestion was 55 percent of combined cancer risk and inhalation during showering with groundwater was
45 percent. For the lifetime resident, groundwater ingestion was 55 percent of combined cancer risk,
dermal contact with groundwater was 19 percent, and inhalation during showering with groundwater was
26 percent.

Maximum noncancer risks for the residential child and residential adult were driven by several
contaminants in groundwater, including VOCs and iron (HI of 1030 for groundwater ingestion, and HI of
1320 for dermal contact for the residential child, HI of 631 for inhalation of vapors during showering and
HI of 378 for groundwater ingestion for the residential adult). In addition, maximum risks were significant
due to contact with test pit soil (iron in soil contributed the most to an HI for the liver of 2.37 for a
residential child). Iron is naturally occurring at the site. Swimming and wading exposures to TCE in
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surface water SW10 (see Figure 2-13) were also significant, with respective HQs of 3.3 and 1.7 for the
residential child and HQs of 2.0 and 1.0 for the residential adult. The target organs affected are the
liver/kidney.

CTE analyses for these maximum combined exposure scenarios are contained in Appendix K (Part 9)
Table 9 (RAGs D 9.5.CTE, 9.6.CTE, and 9.7.CTE). Groundwater was the most significant contributor to
the carcinogenic and noncarcinogenic risks.

6.7.2.2 Risks Relative to Exposure Locations

The significant RME carcinogenic and noncarcinogenic risks were mostly attributable to groundwater
exposure. The groundwater locations showing the greatest concentrations of TCE, the primary risk
driver, were examined in detail in Section 4.0, Nature and Extent of Contamination. Because the source
area was located atop a hill, the distribution of TCE was widespread and irregular. The well locations
showing TCE concentrations above 1000 ug/L were as follows: shallow groundwater from well locations
HN18, HN10, MW1.1OB, MW1.2OB, and HN20; intermediate groundwater from well locations W-20,
HN10, HN23, HN20, HN01, and W-22; and deep groundwater from well locations W-99, MW5, W-19, W-
18, MW4, HN12, and HN06. Overall the plume appears in a horseshoe shape, and the lateral distribution
of locations exhibiting TCE greater than 1000 ug/L reaches over a mile from the source area(s) in deep
groundwater while the distribution of concentrations greater than 1000 ug/L is less than 1000 feet from
the source area(s) in shallow groundwater.

For the residential child, iron exposures were common to test pit soil, surface soil, and total soil (disturbed
soil), with associated HQs greater than 1.0 in each case for liver, blood, and Gl tract. For the residential
child and residential adult, all surface water/sediment locations except SW10 exhibited noncancer risks
with target organ His less than 1.0. For the residential child and residential adult, TCE was a non-cancer
risk driver for both wading and swimming at location SW10. TCE was not a risk driver at other surface
water/sediment locations, although TCE was detected at levels in the hundreds of ug/L in seeps too
shallow for swimming allocations SW11, SW13, and SW15.

TCE cancer risks at surface water locations were below 1 x 10"4, although TCE was detected at levels in
the hundreds of ug/L in seeps too shallow for swimming at locations SW11, SW13, and SW15. For the
residential child, residential adult, and lifetime resident, cancer risks associated with exposures to TCE
and PCE did not exceed 1 x 10"4 at any location but were greater than 1 x 10"6 for wading locations
SW10, SW13, SW15, and Perkiomen Creek and Tributaries and for swimming locations SW10 and
SW17. Sediment location SD12 was the only sediment location exhibiting a cancer risk within the risk
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range of 1 x 10"6 to 1 x 10"4 (attributable to arsenic). All other sediment locations were less than the risk
range of 1 x 10"6to 1 x 10"4'

A statistical comparison of surface water and sediment inorganic data to background locations was not
performed due to lack of sufficient data. It is not known whether the cancer risk for arsenic in sediment
might be attributable to naturally occurring conditions.

6.7.2.3 Summary of Combined Risks

The COPCs contributing to significant carcinogenic risks for a residential child are presented in Appendix
K (Part 10) Table 10 {RAGs D 10.5.RME). The same information regarding COPCs which are risk drivers
is presented for CTE risks using maximum exposure locations in Appendix K (Part 10) Table 10 (RAGs D
10.5.CTE). The significant RME carcinogenic and noncarcinogenic risks were mostly attributable to
groundwater exposure. For groundwater contact, several COPCs had a carcinogenic risk greater than 1
x 10"4 or contributed to greater than 90 percent of the total carcinogenic risk: TCE (57.6 percent of
groundwater contact carcinogenic risk); 1,1-DCE (19.0 percent of carcinogenic risk); PCE (10.3 percent of
carcinogenic risk); and Carbon Tetrachloride (5.1 percent of carcinogenic risk).

The COPCs contributing to significant noncarcinogenic risks for a residential child are presented in
Appendix K {Part 10) Table 10 (RAGs D 10.5.RME). For contact with groundwater the target organ His
greater than 1.0 and the major contributing COPCs to these risks were: Liver (TCE, PCE, 1,1-DCE, 1,2-
DCE, chloroform, and Iron); Kidney (TCE); Blood (Benzene and Iron); Immune (Benzene); CNS/Thymus
(1,2-DCA); and Gl Tract (1,2-DCA and Iron).

The COPCs contributing to significant carcinogenic risks for a residential adult are presented in Appendix
K (Part 10) Table 10 (RAGs D 10.6.RME). The same information regarding COPCs which are risk drivers
is presented for CTE risks using maximum exposure locations in Appendix K (Part 10) Table 10 (RAGs D
10.6.CTE). For groundwater contact, several COPCs had a carcinogenic risk greater than 1 x 10^ or
contributed to greater than 90 percent of the total carcinogenic risk: (TCE: 41.0 percent of groundwater
contact carcinogenic risk); (1,1-DCE: 31.4 percent of carcinogenic risk); (1,2-DCA: 4.9 percent of
carcinogenic risk); (PCE: 4.9 percent of carcinogenic risk); and (Carbon Tetrachloride: 7.8 percent of
carcinogenic risk). For groundwater inhalation (via showering), several COPCs had a carcinogenic risk
greater than 1 x 10"4 or contributed to greater than 90 percent of the total carcinogenic risk: (TCE: 47.7
percent of the groundwater inhalation carcinogenic risk); (1,1-DCE: 22.1 percent of carcinogenic risk);
(1,2-DCA: 10.0 percent of carcinogenic risk); (Chloroform: 9.8 percent of carcinogenic risk); (Carbon
Tetrachloride: 6.5 percent of carcinogenic risk); and {1,1,2-TCA: 6.4 percent of carcinogenic risk).
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The COPCs contributing to significant noncarcinogenic risks for a residential adult are presented in
Appendix K (Part 10) Table 10 (RAGs D 10.6.RME). For contact with groundwater the target organ His
greater than 1.0 and the major contributing COPCs to these risks were: Liver (TCE, PCE, Chloroform,
1,1-DCE, 1,2-DCE, and Iron); Kidney (TCE); Blood (Benzene and Iron); Immune (Benzene); and Gl Tract
(Iron and 1,2-DCA). For inhalation (via showering) of groundwater the target organ His greater than 1.0
and the major contributing COPCs to these risks were: Respiratory (Chloroform); Blood (Benzene); and
Immune (1,2-DCA).

The COPCs contributing to significant carcinogenic risks for a lifetime resident are presented in Appendix
K (Part 10) Table 10 (RAGs D 10.7.RME). The same information regarding COPCs which are risk drivers
is presented for CTE risks using maximum exposure locations in Appendix K (Part 10) Table 10 (RAGs D
10.7.CTE). For groundwater contact, several COPCs had a carcinogenic risk greater than 1 x 10"4 or
contributed to greater than 90 percent of the total carcinogenic risk: (TCE: 51.0 percent of groundwater
contact carcinogenic risk); (1,1-DCE: 25.0 percent of carcinogenic risk); {PCE: 8.1 percent of carcinogenic
risk); and (Carbon Tetrachloride: 6.4 percent of carcinogenic risk). For groundwater inhalation (via
showering), several COPCs had a carcinogenic risk greater than 1 x 10"4 or contributed to greater than 90
percent of the total carcinogenic risk: (TCE: 44.8 percent of the groundwater inhalation carcinogenic
risk); (1,1-DCE: 20.8 percent of carcinogenic risk); (1,2-DCA: 9.4 percent of carcinogenic risk);
(Chloroform: 9.2 percent of carcinogenic risk); and (Carbon Tetrachloride: 6.1 percent of carcinogenic
risk).

A statistical comparison of groundwater inorganic data to background locations was performed and
indicated that the noncancer risk driver iron was not present at levels above background. Therefore, risks
associated with iron in groundwater may be related to naturally occurring conditions. The Crossley Farm
Site is situated within an historic iron mining area where the prevalence of iron ore is well documented
and contributes to indigenous soil iron concentrations that are greater than the iron levels typically found
in soil from other regions. Therefore, in both groundwater and soil, risks from iron are associated with
naturally occurring conditions.

There is significant uncertainty in the risks for 1,1-DCE, 1,2-DCA, 1,1,2-TCA, benzene, chloroform, and
carbon tetrachloride because these substances were each detected only once out of 19 groundwater
samples and the maximum detected concentrations ranged from 0.4 to 7.0 ug/L, while their EPCs were
influenced by the remaining 18 samples having high detection limits because nondetects were assumed
to represent positive values at half the detection limit. As a consequence, the EPCs for 1,1-DCE, 1,2-
DCA, 1,1,2-TCA, benzene, chloroform, and carbon tetrachloride, were estimated as 930, 930, 1130, 930,
1000, and 1070 ug/L, respectively, while the only positive values in the data set were 0.5, 2.0, 4.0, 0.4, 7,
and 0.5 ug/L, respectively. This is a conservative approach because it is not known at what level these
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chemicals may be present in the nondetected samples; however, as a worst case the risks for these six
compounds may be biased high from 140-fold to 2000-fold. In contrast, 1,2-DCE, PCE and TCE were
detected in multiple samples at levels in the hundreds to greater than 1000 ug/L and their RME EPCs are
considered representative of the conditions in the center of the plume.

As previously noted, groundwater plume exposure and swimming and wading exposures to SW10 were
the pathways and locations responsible for maximum risk. Risks related to recreational fishing and soil
contact were less significant as shown by the sum of all COPCs in Appendix K (Part 10) Table 10 (RAGs
D 10.5.RME, 10.6.RME, and 10.7.RME).

6.7.3 Adult Industrial Worker

6.7.3.1 RME Maximum Combined Exposure

Maximum risks for an adult industrial worker are shown in Appendix K (Part 9) Table 9 (RAGs D
9.8.RME). The locations at Crossley Farm Site chosen to represent the maximum risks for an adult
industrial worker exposed to all applicable media include groundwater and test pit soil. The RME
carcinogenic risks were significantly greater than 1 x 10"4 based upon contributions from groundwater
(100 percent of combined risk). The RME noncarcinogenic His for one or more target organs were
significant for groundwater (His up to 174).

A CTE analysis for this maximum combined exposure is contained in Appendix K (Part 9) Table 9 (RAGs
D 9.8.CTE). Groundwater was the only significant contributor to the carcinogenic and noncarcinogenic
risks.

6.7.3.2 Risks Relative to Exposure Locations

The groundwater locations showing the greatest concentrations of TCE, the primary risk driver, were
examined in detail in Section 4.0, Nature and Extent of Contamination. Because the source area was
located atop a hill, the distribution of TCE was widespread and irregular. The well locations showing TCE
concentrations above 1000 ug/L were as follows: shallow groundwater from well locations HN18, HN10,
MW1.1OB, MW1.2OB, and HN20; intermediate groundwater from well locations W-20, HN10, HN23,
HN20, HN01, and W-22; and deep groundwater from well locations W-99, MW5, W-19, W-18, MW4,
HN12, and HN06. Overall the plume appears in a horseshoe shape, and the lateral distribution of
locations exhibiting TCE greater than 1000 ug/L reaches over a mile from the source area{s) in deep
groundwater while the distribution of concentrations greater than 1000 ug/L is less than 1000 feet from
the source area(s) in shallow groundwater.
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For an industrial worker, carcinogenic and noncarcinogenic risks from all 3 soil areas (surface soil, total
soil, and test pit soil) were not significant.

6.7.3.3 Summary of Combined Risks

The COPCs contributing to significant carcinogenic risks for an adult industrial worker are presented in
Appendix K (Part 10) Table 10 (RAGs D 10.8.RME). The same information regarding COPCs which are
risk drivers are presented for CTE risks using maximum exposure locations in Appendix K (Part 10) Table
10 (RAGs D 10.8.CTE). For groundwater contact, several COPCs had a carcinogenic risk greater than 1
x 10"4 or contributed to greater than 90 percent of the total carcinogenic risk: (TCE: 45.1 percent of
groundwater contact carcinogenic risk); (1,1-DCE: 30.2 percent of carcinogenic risk); and (Carbon
Tetrachtoride: 8.1 percent of carcinogenic risk).

The COPCs contributing to significant noncarcinogenic risks for an adult industrial worker are presented
in Appendix K(Part 10) Table 10 (RAGs D 10.8.RME). For contact with groundwater the target organ His
greater than 1.0 and the major contributing COPCs to these risks were: Liver (TCE, 1,1-DCE, 1,2-DCE,
chloroform, PCE, and Iron); Kidney (TCE); Blood (Benzene and Iron); Immune (Benzene); and Gl Tract
(Iron).

While TCE was the primary risk driver, it is noteworthy that several other chlorinated solvents were also
cancer or noncancer risk drivers, including 1,1-DCE, 1,2-DCA, 1,2-DCE, 1,1,2-TCA, PCE, benzene,
chloroform, and carbon tetrachloride. There is significant uncertainty in the risks for 1,1-DCE, 1,2-DCA,
1,1,2-TCA, benzene, chloroform, and carbon tetrachloride because these substances were each detected
only once out of 19 groundwater samples and the maximum detected concentration ranged from 0.4 to
7.0 ug/L, while their EPCs were influenced by the remaining 18 samples having high detection limits
because nondetects were assumed to represent positive values at half the detection limit. As a
consequence, the EPCs for 1,1 -DCE, 1,2-DCA, 1,1,2-TCA, benzene, chloroform, and carbon
tetrachloride were estimated as 930, 930, 1130, 930, 1000, and 1070 ug/L, respectively, while the only
positive values in the data set were 0.5, 2.0, 4.0, 0.4, 7, and 0.5 ug/L, respectively. While this is a
conservative approach, the risks for these six compounds may be biased high from 140-fold to 2000-fold.
In contrast, 1,2-DCE, PCE and TCE were detected in multiple samples at levels in the hundreds to
greater than 1000 ug/L and their RME EPCs are considered representative of the conditions in the center
of the plume.

A statistical comparison of groundwater inorganic data to background locations was performed and
indicated that the noncancer risk driver iron was not present at levels above background. Therefore, risks
associated with iron in groundwater may be related to naturally occurring conditions.
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As previously noted, carcinogenic and noncarcinogenic risks were below significance for Test Pit Soil as
shown by the sum of all COPCs in Appendix K(Part 10) Table 10 (RAGs D 10.8.RME).

6.7.4 Adult Construction Worker

6.7.4.1 RME Maximum Combined Exposure

Maximum risks for an adult construction worker are shown in Appendix K (Part 9) Table 9 (RAGs D
9.9.RME). The locations at Crossley Farm Site chosen to represent the maximum risks for an adult
construction worker exposed to all applicable media include groundwater and test pit soil. The RME
carcinogenic risks were significantly greater than 1 x 10"4 based upon contributions from groundwater
{99.2 percent of combined risk). The RME noncarcinogenic His for one or more target organs were
significant for groundwater (His up to 100).

A CTE analysis for this maximum combined exposure is contained in Appendix K (Part 9) Table 9 (RAGs
D 9.9.CTE). Groundwater was the only significant contributor to the carcinogenic and noncarcinogenic
risks.

6.7.4.2 Risks Relative to Exposure Locations

The groundwater locations showing the greatest concentrations of TCE, the primary risk driver, were
examined in detail in Section 4.0, Nature and Extent of Contamination. Because the source area was
located atop a hill, the distribution of TCE was widespread and irregular. The well locations showing TCE
concentrations above 1000 ug/L were as follows: shallow groundwater from well locations HN18, HN10,
MW1.1OB, MW1.2OB, and HN20; intermediate groundwater from well locations W-20, HN10, HN23,
HN20, HN01, and W-22; and deep groundwater from well locations W-99, MW5, W-19, W-18, MW4,
HN12, and HN06. Overall the plume appears in a horseshoe shape, and the lateral distribution of
locations exhibiting TCE greater than 1000 ug/L reaches over a mile from the source area(s) in deep
groundwater while the distribution of concentrations greater than 1000 ug/L is less than 1000 feet from
the source area(s) in shallow groundwater.

For a construction worker, carcinogenic and noncarcinogenic risks from two soil areas (total soil and test
pit soil) were not significant.

6.7.4.3 Summary of Combined Risks

The COPCs contributing to significant carcinogenic risks for an adult construction worker are presented in
Appendix K (Part 10) Table 10 (RAGs D 10.9.RME). The same information regarding COPCs which are
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risk drivers are presented for CTE risks using maximum exposure locations in Appendix K (Part 10) Table
10 (RAGs D 10.9.CTE). For groundwater contact, several COPCs had a carcinogenic risk that
contributed to greater than 90 percent of the total carcinogenic risk: (TCE: 78.7 percent of groundwater
contact carcinogenic risk); and (PCE: 17.2 percent of carcinogenic risk).

The COPCs contributing to significant noncarcinogenic risks for an adult construction worker are
presented in Appendix K (Part 10) Table 10 (RAGs D 10.9.RME). For contact with groundwater, the
target organ His greater than 1.0 and the major contributing COPCs to these risks were: Liver (TCE and
PCE); Kidney (TCE); Blood (Benzene); and Immune (Benzene).

While TCE was the primary risk driver, it is noteworthy that several other chlorinated solvents were also
cancer or noncancer risk drivers, including PCE, benzene, and carbon tetrachloride. There is significant
uncertainty in the risks for benzene and carbon tetrachloride because these substances were each
detected only once out of 19 groundwater samples and the maximum detected concentration ranged from
0.4 to 7.0 ug/L, while their EPCs were influenced by the remaining 18 samples having high detection
limits because nondetects were assumed to represent positive values at half the detection limit. As a
consequence, the EPCs for benzene and carbon tetrachloride were estimated as 930 and 1070 ug/L,
respectively, while the only positive values in the data set were 0.4 and 0.5 ug/L, respectively. While this
is a conservative approach, the risks for these two compounds may be biased high 2000-fold. In
contrast, PCE and TCE were detected in multiple samples at levels in the hundreds to greater than 1000
ug/L and their RME EPCs are considered representative of the conditions in the center of the plume.

As previously noted, carcinogenic and noncarcinogenic risks were below significance for Test Pit Soil as
shown by the sum of all COPCs in Appendix K (Part 10) Table 10 (RAGs D 10.8.RME).

6.7.5 Child and Adult Farm Resident

6.7.5.1 RME Maximum Exposure

Maximum risks for a child, adult, and lifetime farm resident are shown in Appendix K (Part 9) Table 9
{RAGs D 9.10.RME, 9.11.RME, and 9.12.RME). A farm resident is exposed to only one location at
Crossley Farm Site: Uptake of contaminants in milk from surface soil. For a child, adult, and lifetime farm
resident, the RME carcinogenic risks were within EPA's risk range of 1 x 10"6 to 1 x 10"4. For a child and
adult farm resident, the RME noncarcinogenic His were less than 1.0 for all target organs associated with
ingestion of home-produced milk.
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6.7.5.2 Risks Relative to Exposure Locations

For a farm resident, risks were evaluated for consumption of homeproduced milk contaminated by
biouptake of contaminants originating from surface soil. Only seven soil locations were evaluated:
SB102, SB202, SB302, SB402, SB602, SB702, and SB802 For arsenic, the COPC responsible for the
majority of carcinogenic risk in milk, the relatively consistent range of concentrations (from 2.5 to 9.1
mg/kg) and the UCL of 7 mg/kg indicates that arsenic risks would not be highly variable depending upon
the soil locations where edible plants were grown within the boundaries of the study area.

6.7.5.3 Summary of Risks

The COPCs associated with exposure to milk for a child, adult, and lifetime farm resident are presented in
Appendix K (Part 10) Table 10 {RAGs D 10.10.RME, 10.11.RME, and 10.12.RME).

6.7.6 Summary of Blood-Lead Risk Characterization

As discussed in Section 3.4, blood-lead levels in residential children (age 0 through 6 years) were
estimated using the Integrated Exposure and Uptake Biokinetic (IEUBK) Model (version 0.99) developed
by EPA (EPA, 1994b). The model was applied using surface soil and area groundwater (center of plume)
where lead was determined to be a COPC. Those areas and media of interest where lead was selected
as a COPC were as follows:

• Area Groundwater (center of plume)
• Ingestion of Home-Produced Milk

For the assessment of ingestion of lead in area groundwater (center of plume) by residential children,
default values in the model are used to represent respiratory rate, soil and water ingestion rates, the
percent of lead absorption by the various exposure routes, and the level of maternal contribution. The
only site-specific factors put into the IEUBK Model were the average lead concentration in groundwater
and the average lead concentration in test pit soil. The lead contributions of soil versus dust were
assumed to be equal to the site-specific soil/sediment concentration.

The output of the IEUBK Model is a histogram that presents the estimated percentage of residential
children (age 0 through 84 months) with a blood-lead level above 10 ug/dL (considered to be the
threshold significance level above which adverse effects cannot be ruled out). When the percentage of
the population estimated to have blood-lead levels above 10 ug/dL is greater than five percent, then EPA
considers the potential for adverse effects to be significant {EPA, OSWER 9355.4, 1994a). For
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groundwater (center of plume), these histograms, along with input information particular to each run of the
IEUBK model, are presented in Appendix J (Part 10). The estimated percentage of residential children
(age 0 through 84 months) with a blood-lead level above 10 ug/dL are also presented in the tables and
text below. Uncertainties associated with the IEUBK model are discussed in Section 6.4.

Ingestion of lead in home-produced milk was not estimated for a residential child since the concentration
in milk (2.64 ug/L) was less than 15 ug/L, the Action Level for drinking water.

6.7.6.1 Exposure to Lead in Test Pit Soil and Area Groundwater (Center of Plume)

Lead was selected as a COPC in area groundwater (center of plume), however; it was not selected as a
COPC in surface soil, total soil, or test pit soil. In order to evaluate the lead risks, the lead concentration
was selected as the maximum of the different average concentrations of lead in surface soil, total soil,
and test pit soil. Test pit soil had the highest average concentration; therefore its value of 109 mg/kg was
used. This allows for a conservative estimate of the risk associated with lead. The estimated percentage
of children exposed to test pit soil and area groundwater (center of plume) that are predicted to exhibit a
blood-lead level above 10 ug/dL is 0.65 percent [Appendix J (Part 10) (RAGs D Lead Worksheet 1)]. This
is below EPA's protective level cutoff of 5 percent. This indicates that lead exposure to residential
children under these conditions will not result in adverse effects.
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7.0 ECOLOGICAL RISK ASSESSMENT

Ecological risk assessment (ERA) is defined by EPA as a process that evaluates the likelihood that adverse
ecological effects are occurring or may occur as a result of exposure to one or more stressors. Stressors
considered in an ERA typically include specific chemical constituents in materials that are known to have
been stored, handled, or disposed at the site and that are recognized as potentially toxic to one or more
species of terrestrial or aquatic biota. Ecological risk assessment is conceptually similar to human health risk
assessment but addresses ecological receptors such as vegetation, terrestrial wildlife, and aquatic biota. The
primary focus of ecological risk assessment is on populations and communities, in contrast to the emphasis
of human health risk assessment on individual human potential receptors. The ERA for the Crossley Farm
Site follows the "Guidelines for Ecological Risk Assessment" (EPA, 1998) and other specific guidance
developed by EPA (EPA, 1997).

7.1 ECOLOGICAL RESOURCES INVENTORY

A technical memorandum (TtNUS, 1999) describes the ecological habitats on site and in the immediate
off-site vicinity. The findings of this report are incorporated into Section 3.7 of this document. The seven
principal habitat types tn the central part of the site (on and immediately surrounding Blackhead Hill) are
as follows:

• Agricultural land
• Mesic hardwood forest
• Oak-hickory forest
• Old field perennial vegetation
• Successional hardwood forest
• Wetland hardwood forest
• Persistent emergent wetland vegetation

Other habitat types occupying smaller areas include agricultural hedgerows, an abandoned borrow pit,
and a talus slope consisting of loose rocks and sparse vegetation.

There are no perennial streams or other perennial aquatic habitats on site. Two small seepages, Spring
No. 179 and Spring No. 101, emerge from slopes in the southern and western parts of the site,
respectively. Shallow water in the seepages gradually percolates back into the soil within narrow
drainage swales. The stream emanating at Spring No. 101 may flow continuously into the West Branch
Perkiomen Creek for a majority of the year, depending on the volume of local precipitation. Drainage
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from Spring No. 179 reaches Dairy Lane (in the vicinity of well cluster HN-6) as wash during brief periods
of heavy surface runoff, but this water has not been observed to directly flow into the headwaters of West
Branch Perkiomen Creek.

7.1.1 Problem Formulation

7.1.1.1 Stressors

The site stressors are the industrial chemicals disposed at the site or the types of breakdown products of
those chemicals. The sampling program for the RI/FS analyzed samples of four media (groundwater,
soils, surface water, and sediment) for a wide range of chemical constituents that may be broadly
classified into the following groups:

• Volatile organic compounds (VOCs)
• Semivolatile organic compounds (SVOCs)
• Pesticides and polychlorinated biphenyls (PCBs)
• Inorganic constituents

The results of the Rl sampling and other sampling programs (e.g., RA) indicate that the primary stressors
are the chlorinated industrial solvents TCE, PCE, and their breakdown products. Most of these chemicals
are classified as volatile organic compounds (VOCs), although the possible breakdown products may
include some semivolatile organic compounds (SVOCs).

7.1.1.2 Receptors

Of particular concern are receptors exposed to the surface water and sediments in the two seepages
(Spring No. 101 and Spring No. 179) located on the slopes west and south of the hilltop. These receptors
include persistent and nonpersistent wetland vegetation, mammals that could utilize the springs as a
drinking water source, reptiles and amphibians inhabiting the springs or adjacent uplands, and benthic
invertebrates inhabiting the soft sediments at the springs. Birds and mammals that could feed upon
vegetation in the springs or prey upon smaller organisms inhabiting the sediments are also of concern.
Because the surface water at the springs is very shallow (less than 1 or 2 inches), small in area (less than
0.25 acre each), prone to seasonal drying, and not contiguous to perennial water, neither spring is likely
to be inhabited by fish.
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7.1.1.3 Exposure Pathways and Conceptual Site Model

Organisms inhabiting the surface water and sediments at each of the springs could be exposed to
contaminants by the following routes

• Direct contact with contaminated surface water or sediment
• Ingestion of contaminated surface water or sediment
• Consumption of other organisms inhabiting the springs

Organisms visiting the springs could be exposed to contaminants by

• Direct contact with contaminated surface water or sediment
• Drinking surface water from the springs (could also incidentally ingest suspended sediment)
• Consumption of vegetation or predation upon organisms inhabiting the springs

Organisms could be exposed to contaminants in soils by

• Direct contact with the soil (potentially significant only for plants and soil microflora)
• Consumption of plants growing in the soil
• Predation upon organisms that feed on plants growing in the soil

Inhalation of contaminated soils does not represent a potentially significant exposure pathway. Fugitive
dust could be generated for brief periods following plowing of the agricultural land in the spring, but the
spring is typically wet and surface soils are typically moist at that time in eastern Pennsylvania.

7.1.2 Ecological Endpoints

This ERA will use two procedures, with each assessing two categories of ecological endpoints based
upon the exposure pathways discussed above. The first procedure, presented in Section 7.2, compares
the analytical results (chemical concentrations) from site samples of environmental media against
medium-specific benchmark concentrations for those chemicals that are recognized as having little
potential for adverse impacts to organisms inhabiting those media. This procedure addresses potential
risk to endpoints involving adverse effects on small and relatively immobile ecological receptors that
directly inhabit soil, sediment, or surface water. Examples of such receptors include terrestrial plants,
earthworms, certain insect larvae, and other soil-dwelling species; wetland plants and invertebrates
inhabiting sediment and wetland soils; and benthic macroinvertebrates and small fish inhabiting the small
freshwater streams.
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The second procedure, presented in Section 7.3, uses food chain modeling to estimate doses of stressor
chemicals received by larger, more mobile ecological receptors that are exposed to multiple
environmental media on the site. The estimated doses are compared against doses reported in the
scientific literature as having little or no potential for adverse effects to similar receptors. Because of the
predominantly terrestrial character of the Crossley Farm Site, the food chain modeling focuses on several
species of terrestrial wildlife and birds likely to drink the surface water and feed on various plants and
invertebrates inhabiting the upland soils and wetlands on the site.

For simplicity, the term soil is used to refer only to the upland soils on the site. The term sediment refers
to the bottom substrate of the freshwater streams, springs, and wetlands on the site. Although the
substrate of some site wetlands has a closer physical resemblance to soils than to sediments, all wetland
soils are still referred to as sediment for the purposes of the ERA.

7.2 ECOLOGICAL RISK ASSESSMENT USING SCREENING LEVELS

Medium-specific screening levels have been developed by the EPA Region 3 Biological Technical
Assistance Group (BTAG) as benchmark levels of contamination indicative of potentially significant
ecological effects (EPA, 1995). Screening levels have been developed for each commonly analyzed
chemical constituent in each environmental medium of ecological significance (surface soil, sediment,
and surface water). For each constituent in each medium, the BTAG has developed separate screening
levels for floral and faunal receptors. The screening levels correspond to the maximum concentrations of
a specific constituent in a specific medium that are protective of ecological receptors inhabiting that
medium. The screening levels are purposefully conservative so as to be protective of the most sensitive
floral and faunal receptor species.

The screening levels were based on reports in the scientific literature on the response to chemical
concentrations by organisms inhabiting specific media. They reflect direct exposure to the media as
experienced by plants, earthworms, small fish, and other organisms that spend extended periods of time
immersed in one specific medium. They do not generally account for the exposure of higher-level
predators to food sources that have bioaccumulated chemical constituents originating in the media. The
consideration of screening levels in this section is therefore supplemented by the food chain modeling in
Section 7.3.
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7.2.1 Problem Formulation

7.2.1.1 Stressors

The food chain modeling addresses each chemical constituent detected in one or more media at one or
more samples collected at the site as part of the Rl.

7.2.1.2 Receptors

The screening values are medium-specific but are not specific to any individual receptor species.
However, as noted above, BTAG has developed separate screening values for floral and fauna receptors.
The screening values are developed to be conservative, to reflect the more sensitive receptor species
known to inhabit the respective medium. The screening values generally reflect receptor species that are
small and relatively immobile and live immersed in the respective medium for extended periods of time.

7.2.1.3 Exposure Pathways

The screening levels generally address those pathways that involve direct exposure to a medium by
receptors that live immersed in that medium. They do not address pathways involving bioaccumulation,
the feeding upon tissues of organisms that accumulate chemical constituents originating in contaminated
media. The latter pathways are addressed in the food chain modeling in Section 7.3.

7.2.1.4 Endpoints

The endpoints addressed by the screening levels involve adverse effects to the types of receptors
described above (i.e., plants and small, relatively immobile animals that live immersed in chemical media
such as soil, sediment, and surface water). Because these organisms form the basis of the web of food
chains upon which other organisms depend, adverse impacts to these organisms can result in adverse
impacts to the overall ecosystem.

7.2.2 Ecological Effects Characterization

The ecological screening values represent conservative estimates of the highest chemical concentrations
in each environmental medium that are protective of the most sensitive groups of ecological receptors
inhabiting those media. The type of adverse effect (such as reduced growth, reduced reproduction, etc.)
is not specified for the screening values. As noted above, the screening values are geared to unspecified
receptors (generally the more sensitive species) inhabiting each medium and not to any one species.
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7.2.3 Exposure Assessment

Exposure of media-dwelling organisms to the site chemicals was measured through the laboratory
analysis of grab samples from specific, representative locations. Surface soil, sediment, and surface
water grab samples were collected during the Rl (see Section 2.0). The surface soil samples were
collected from depths ranging from the surface to 2 feet below the surface (the designation "02" following
the surface soil sample locations designates that the samples were collected from the upper 2 feet of
soil). Deeper subsurface soil samples were also collected during the Rl, but they are not relevant to this
ERA. Only a single round of surface soil samples were collected.

Two rounds of sediment and surface water samples were collected for the Rl. Although some stations
were sampled twice, samples were not necessarily collected from each location during each round, in
order to maximize the number of different locations sampled during the investigation. The designation "-1"
or "-2" following the sample location designation for the surface water and sediment samples indicates the
round in which the samples were collected.

The sampling results are presented in Appendix A. Exposure-point concentrations used to compare
against the screening values are the sampling results in Appendix A. Each sample result was individually
compared against the appropriate screening value. Sample results were not averaged or used to
compute confidence limits. Fate and transport modeling was not performed.

7.2.4 Risk Characterization and Discussion

The comparison of chemical concentrations in soil versus the soil screening values is presented in
Section 7.2.4.1, the comparison of chemical concentrations in sediment versus the sediment screening
values is presented in Section 7.2.4.2, and the comparison of chemical concentrations in surface water
versus the surface water screening values is presented in Section 7.2.4.3.

For risk characterization, data presentation, and discussion purposes, the detected chemical
concentrations are presented with the corresponding screening levels in Tables 7-1 through 7-12. To
facilitate the comparison of detected values at multiple locations against the screening values, the tables
present the actual detected values, and those exceeding the corresponding screening value are in bold-
face type. The tables do not present hazard quotients (HQs), which would be calculated by dividing each
detected value in a given medium at each sample location by its corresponding screening value.

Detected concentrations that are lower than the corresponding screening value (HQ < 1 and therefore not
bolded) are interpreted as indicating that there is no potential for significant adverse effects on ecological
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receptors inhabiting that medium. Detected concentrations exceeding the corresponding screening value
(HQ > 1 and therefore bolded) represent a potential for adverse risk to ecological receptors inhabiting that
medium at the sample location. The ensuing discussion attempts to put the potential for risk in
perspective by considering factors such as regional and site background levels in uncontaminated media,
bioavailability of chemical constituents in the medium, other site conditions, and whether localized
impacts to ecological receptors are indicative of ecologically significant impacts in the regional
ecosystem. These considerations are sometimes referred to as risk management.

7.2.4.1 Surface Soil

Chemical detections in the surface soil samples are compared to EPA Region 3 BTAG screening values
in the following tables:

Table 7-1: Inorganic constituents in surface soil
Table 7-2: VOCs in surface soil
Table 7-3: SVOCs in surface soil
Table 7-4: Pesticides and PCBs in surface soil

To simplify the tables, data are not presented either for the analytes not detected in any surface soil
samples from any location or for those sample locations for which no analyte was detected in any sample.
Analytes that are not detected are concluded to not pose potentially significant effects on ecological
receptors.

Inorganic Constituents (Table 7-1)

The following inorganic constituents were detected in one or more surface soil samples: aluminum,
arsenic, barium, beryllium, cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium,
manganese, nickel, potassium, selenium, silver, sodium, thallium, vanadium, and zinc. The inorganic
compound cyanide was not detected in any of the samples. The broad range of detections is expected,
considering that all the detected inorganic constituents are natural components of uncontaminated soils
(Shacklette and Boerngen, 1984).

Inorganic constituents detected in excess of EPA Region 3 screening values include aluminum, beryllium,
chromium, copper, iron, lead, magnesium, manganese, nickel, silver, thallium, vanadium, and zinc. None
of the arsenic, barium, cadmium, cobalt, or selenium detections exceed EPA Region 3 soil screening
levels.
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Risk management considerations suggest that the detected concentrations do not appear to pose a
significant threat to the overall ecosystem, even for the highest concentrations of those constituents
exceeding EPA Region 3 screening levels. Several of the analyzed inorganic constituents, including
aluminum, iron, and magnesium, are major chemical components of uncontaminated mineral soils in the
eastern United States. Screening values based on the toxicological response of organisms to these
inorganic constituents under laboratory conditions are not readily applied to field conditions in actual soils.
Screening for these inorganic constituents would be better accomplished through comparison to
background concentrations typical of soils in the eastern United States (Shacklette and Boerngen, 1984)
and comparison to actual site background conditions.

The aluminum, iron, and magnesium concentrations in each of the soil samples do not differ greatly
(Table 7-1), and fall within the reported range of background concentrations for soils in the eastern United
States (Shacklette and Boerngen, 1984). The soils in the vicinity of the known and suspected solvent
disposal (at the EPIC pit area and the borrow pit area) also fall within background concentrations for
inorganic constituents, and the concentrations from those areas are not significantly different than the
concentrations of inorganic constituents in the soils not in close proximity to the source areas. Also, as
discussed previously in Section 4.0 (Nature and Extent), it is beiieved that the soils contaminated by the
uncontrolled disposal of the solvents have been removed from the site through either regulatory (at the
EPIC pit area) or other (at the borrow pit area) actions.

The beryllium, chromium, copper, lead, manganese, nickel, thallium, vanadium, and zinc concentrations
are either lower than the averages reported for natural soils in the eastern United States or are slightly
greater than the averages but well within the ranges reported for those soils (Shacklette and Boerngen,
1984). The EPA Region 3 screening value for silver in soil is exceptionally low (0.0000098 mg/kg, which
is below the resolution of readily performed chemical analyses) and is based on the response of a single
crop species, corn (Zea mays). A more practicable benchmark, 2 mg/kg, for silver in soil has been
developed for use on the Oak Ridge Reservation in Tennessee (Efroymson et al., 1997). None of the soil
samples collected at the exceeded that value.

EPA Region 3 soil screening values are not available for calcium or potassium, but all detections for
these constituents fall within the ranges of those elements in natural soils in the eastern United States
{Shacklette and Boerngen, 1984).

VOCs (Table 7-2)

The VOCs TCE, PCE, ethylbenzene, and xylene were detected in one or more surface soil sampfes.
None of the detections exceeded the EPA Region 3 soil screening values.
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The EPA Region 3 screening value for xylene in soil addresses only faunal receptors; no corresponding value for floral
receptors is available. EPA Region 4 has proposed a soil screening value of 50 ug/kg for xylene for all soil-dwelling
receptors (EPA Region 4, 1998). The concentration of xylene in the surface soil sample at Location SB6 exceeds 50
ug/kg (HQ = 1.98). The exceedance, however, is slight, affects only flora, and is restricted to only one soil boring locality.
Within the context of risk management, the xylene concentration at that location does not appear to be significantly
affecting the regional ecosystem.

SVOCs (Table 7-3)

The SVOCs 2-methylphenol, benzo(g,h,i)perylene, and di-n-butyl phthalate were detected in one or more surface soil
samples. The first two constituents were not detected at concentrations exceeding EPA Region 3 soil screening values.
EPA Region 3 has not developed a soil screening value for di-n-butyl phthalate in surface soil, although EPA Region 4
has proposed a screening value of 200,000 ug/kg (EPA Region 4, 1998) that is based on a soil benchmark developed for
use at the Oak Ridge Reservation in Tennessee for terrestrial plants growing in soil (Efroymson et al., 1997). No
benchmarks are available for soil-dwelling fauna exposed to di-n-butyl phthalate. The di-n-butyl phthalate detections in
the soil samples are all lower than the available screening value for flora. In the context of risk management, the
concentrations of di-n-buty! phthalate detected on the Crossley Farm Site do not appear to pose a significant threat to the
regional ecosystem.

Pesticides and PCBs (Table 7-4)

The pesticides alpha-, delta-, and gamma- BHC; heptachlor epoxide; dieldrin; 4,4'-DDE; Endrin; and 4,4'-DDT were
detected in one or more surface soil samples. Each of these compounds are agricultural or horticultural insecticides or
the breakdown products of such insecticides.

None of the detections exceeded the EPA Region 3 screening values for those compounds having screening values. Soil
screening values are not available for alpha- and delta- BHC from EPA Region 3 or any other source. The highest
detection of either compound, however, was 3.4 ug/kg, which is very low and close to the typical detection limit for these
compounds in soil. Thus, neither compound appears to have the potential for significant adverse effects on ecological
receptors.

Only one PCB (Aroclor 1260) was detected in the soil samples, and it was detected only at Location S9, which is located
in the Mesic Hardwood Forest, located on the northern edge of the abandoned quarry, and downgradient from a
suspected location of solvent dumping. The concentration detected at that location exceeded the available screening
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value (HQ= 2.6). Aroclor 1260 was a common dielectric fluid formerly used in electrical transformers, and
it is not a breakdown product of the industrial solvents disposed at the site. This detection may reflect the
unrecorded disposal of additional wastes near the quarry.

It is possible that some of the more sensitive soil-dwelling organisms present at Location S9, and perhaps
elsewhere in areas of Mesic Hardwood Forest between the abandoned quarry and the area where the
drums of solvent were buried, could be experiencing adverse effects attributable to soil concentrations of
Aroclor 1260. Considering the low magnitude of the exceedance, any adverse impacts are likely limited
to reductions in the growth or reproduction of certain, especially sensitive species. Substantial mortality
of all or most of the soil-dwelling fauna in those soils (to the extent that the diets of predators using that
fauna as a food source are significantly affected) is unlikely. The potential for adverse impacts to
predators from the consumption of food that has bioaccumulated Aroclor 1260 from Location S9 is
addressed in the food chain modeling.

7.2.4.2 Sediment

Chemical detections in the sediment samples are compared to EPA Region 3 BTAG screening values in
the following tables:

Table 7-5: Inorganic Constituents in sediment
Table 7-6: VOCs in sediment
Table 7-7: SVOCs in sediment
Table 7-8: Pesticides and PCBs in sediment

To simplify the tables, data are not presented either for the analytes not detected in any sediment
samples from any location or for those sample locations for which no analyte was detected in any sample.
Analytes that are not detected are concluded to not pose potentially significant effects on ecological
receptors.

Inorganic constituents (Table 7-5)

Each of the TAL inorganic constituents was detected (often at very low concentrations) in at least one of
the sediment samples. Similar to soils, the broad range of analyte detections in sediment is also
expected, because sediments are derived from soils, and all of the analyzed inorganic constituents are
natural components of uncontaminated soils (Shacklette and Boerngen, 1984)
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EPA Region 3 screening levels (for flora and/or fauna) are available for antimony, arsenic, cadmium,
chromium, copper, lead, mercury, nickel, silver, and zinc. Of these constituents, no screening-level
exceedances were detected for antimony, cadmium, or silver. The following exceedances were noted in
one or more of the sediment samples:

• Arsenic in Sample 12-1 (HQ=2.23)
• Chromium in all samples (HQs as high as 11,920)
• Copper in Sample 8-1 (HQ = 1.04)
• Lead in Samples 8-1 and 12-1 (HQs as high as 5.27)
• Mercury in Samples 8-1 and 11-1 (HQs as high as 22.67)
• Nickel in Samples 10-2 and 12-1 (HQs as high as 1.36)
• Zinc in Samples 8-1, 10-1, 10-2, and 12-1 (HQs as high as 1.75)

The chromium exceedances generally are a result of a very low floral screening value. The EPA Region
3 BTAG notes that the floral screening value is based on a phytotoxicity report using tobacco (Nicotiana
tabacum). This upland crop species would not be found growing in the sediments of streams, ponds, or
wetlands and therefore may not be a suitable basis for a screening value. A screening value of 52.3
mg/kg was developed by EPA Region 4 and is believed to be more suitable to this site. The only
detection exceeding the Region 4 screening value was SW/SED Location 2 (Sample 2-1), which is a
stream channel draining an on-site stock pond. Therefore, chromium is retained as a COPC only at that
location.

The copper, nickel, and zinc exceedances are all quite low (HQs of 1.53 and lower). Each of these
exceedances is associated with small springs or tributaries (SW/SED Locations 2 and 10) that discharge
directly into West Branch Perkiomen Creek downstream from the site. Considering the low magnitude of
the exceedances, the potential for adverse impacts is likely limited to only the most sensitive of receptors.
Furthermore, the sediment samples from the main creek channel located downstream from SW/SED
Locations 2 and 10 (at SW/SED locations 9, 16, 17, and 19) lacked exceedances for these constituents.
This suggests that any impacts, even modest impacts, are localized and do not substantially affect the
overall regional ecosystem.
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VOCs (Table 7-6)

The VOCs vinyl chloride, trichlorofluoromethane, carbon disulfide, acetone, methylene chloride, cis-1,2-
DCE, 2-butanone, TCE, toluene, PCE, and 1,2-DCE were detected in one or more sediment samples Of
these, an EPA Region 3 screening level for sediment was available only for PCE. The screening value
was exceeded only in one sample (SW/SED Location 11 at Spring No. 101, with an HQ = 1.14). This
exceedance is slight and suggests that any adverse impacts would be modest and limited only to the
most sensitive of ecological receptors.

Sediment screening values for sediment for the other detected VOCs were not available from EPA
Region 3 or from any other source. Thus, the detections must be reviewed subjectively. Of the
detections, only the following appear to substantially exceed typical detection limits:

• TCE detections in samples from SW/SED Locations 8, 10, and 11 (particularly noteworthy is
a detection of 6,240 ug/kg from SW/SED Location 11 at Spring No. 101)

• Cis-1,2-DCE detections of 44.4 and 158 ug/kg, respectively, in samples from SW/SED
Locations 10 (Spring No. 180) and 11 (Spring No. 101).

• A trichlorofluoromethane detection of 39 ug/kg from SW/SED Location 11 (Spring No. 101).

With the exception of the 6,240 ug/kg TCE detection at Location 11 (Spring 101), all the detected VOC
concentrations are in the part per billion (ppb) range and are not likely to result in substantial adverse
effects to any but the most sensitive of receptors. The detection at Location 11 corresponds to over 6
parts per million (ppm). It is possible that the population of sediment-dwelling organisms at Spring 101
has been reduced by the presence of TCE, especially with respect to the more sensitive species.
However, Spring 101 is small, and similarly high concentrations of TCE were not found in sediment
samples collected downgradient from the spring, which suggests that the effects are localized. Predators
feeding upon sediment-dwelling biota might find reduced prey availability at the spring but would be
merely forced to feed at one of the many other similar springs and wetlands in the local vicinity. The
potential effects of TCE on predators drinking from Spring 101, or feeding upon organisms that have
bioaccumulated TCE from the sediment at Spring 101, are addressed in the food chain modeling.
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SVOCs (Table 7-7)

The SVOCs phenol, 4-methylphenol, anthracene, di-n-butyl phthalate, fluoranthene, pyrene,
benzo{a)anthracene, bis(2-ethylhexyl) phthalate, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(a)pyrene, indeno(1,2,3-cd)pyrene, and benzo(g,h,i)perylene were detected in one or more
sediment samples. Of these, the following exceeded Region 3 BTAG sediment screening values;

• 4-Methylphenol in a sample from SW/SED location 15 (HQ = 5.22)
• Benzo(a)pyrene in samples from SW/SED locations 8 and 12 (HQs of 1.19 and 1.43)
• Chrysene in a sample from SW/SED location 8 (HQ = 1.33)
• Pyrene in a sample from SW/SED location 8 (HQ = 1.15)
• Phenanthrene in a sample from SW/SED location 8 (HQ = 1.07)
• Anthracene in a sample from SW/SED location 19 (HQ = 1.17)

As noted by the respective HQ values, each of these exceedances was only slightly greater than the
screening criteria. Therefore, they would be expected to affect only the more sensitive of receptors and
not cause significant effects to the regional ecosystem.

Pesticides and PCBs (Table 7-8)

The pesticides alpha-, beta-, delta-, and gamma-BHC; aldrin; heptachlor epoxide; endosulfan I; dieldrin;
4,4'-DDE; endrin; endosulfan II; 4,4'-DDD; endosulfan sulfate; 4,4'-DDT; endrin aldehyde; endrin ketone;
and alpha- and beta- chlordane were detected in one or more sediment samples. Each of these detected
compounds is agricultural or horticultural insecticides or the breakdown products of such insecticides.

EPA Region 3 sediment screening values are available only for 4,4'-DDE, 4,4'-DDD, and 4,4'-DDT (DDT
was formerly used as an insecticide and DDE and DDD are breakdown products of DDT). Exceedances
for 4,4'-DDE occurred at SW/SED Locations 8, 9, 10, 11, 13, 16, and 17. The highest detection was 97
ug/kg in a sample from Location 8 (HQ = 44.09). The other detections were all below 7.5 ug/kg {HQ =
3.41). Exceedances for 4,4'-DDT were found in samples from SW/SED Locations 8 and 2 (HQs of 34.18
and 19.11, respectively).

SW/SED Location 8 is located more than 0.5 mile south of Blackhead Hill and is considered a
background concentration of DDE that reflects the agricultural history (and current use) of the surrounding
lands. The concentrations of both DDE and DDT are greater at Location 8 than at the sampling locations
closer to the Crossley Farm. Thus, any potential effects on ecological receptors from DDT and its
breakdown products on the Crossley Farm Site appear to have resulted from the former agricultural
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practices performed throughout the region and not from the uncontrolled disposal of hazardous waste that
is the subject of the RI/FS.

Of the detected pesticides lacking an EPA Region 3 screening value, EPA Region 4 has established a
screening value of 3.3 ug/kg for gamma-BHC, dieldrin, and endrin. None of the detections of these
compounds in this investigation exceeded the Region 4 screening level, and none of the other pesticides
were detected at concentrations greater than 4.0 ug/kg.

One PCB, Aroclor 1254, was detected at SW/SED locations 9, 10, 16, and 19. The highest detections
were concentrations of 290 and 300 ug/kg in two sediment samples from SW/SED Location 10 (HQs of
13.22 and 12.78, respectively). SW/SED Location 10 is located downgradient of the site, at the
emanation point of a small spring that subsequently flows into the West Branch Perkiomen Creek. The
PCBs detected here may not have originated at the Crossley Farm, given the upgradient location (from a
surface water perspective) of this sampling point from the site, and the limited mobility of PCBs in
groundwater (reducing the possibility of the groundwater to surface water/sediment pathway). All the
detections were in the range of parts per billion, and the exceedances of the screening values were slight.
Any potentially adverse effects on sediment-dwelling biota would likely be minimal and limited only to the
most sensitive species. The potential effects on predators from the consumption of prey tissue that has
bioaccumulated Aroclor 1254 from the site are considered in the food chain modeling.

7.2.4.3 Surface Water

Chemical detections in the surface water samples are compared against EPA Region 3 BTAG screening
values in the following tables:

Table 7-9: Inorganic constituents in surface water
Table 7-10: VOCs in surface water
Table 7-11: SVOCs in surface water
Table 7-12: Pesticides and PCBs in surface water

To simplify the tables, data are not presented either for those analytes not detected in any surface water
samples from any location or for those sample locations for which no analyte was detected in any sample.
Analytes that are not detected are concluded to not pose potentially significant effects on ecological
receptors.
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Inorganic constituents (Table 7-9)

The inorganic constituents aluminum, arsenic, barium, calcium, copper, iron, lead, magnesium,
manganese, potassium, sodium, and zinc were detected in one or more of the surface water samples.
The inorganic compound cyanide was also detected in one sample. Exceedances (all slight) of EPA
Region 3 freshwater aquatic screening values included the following

Aluminum in samples from SW/SED locations 1, 2, 6, 11, 12, 13, 14, 15, 18, and 20
• Copper in a sample from SW/SED location 6
• Iron in samples from SW/SED locations 2, 3, 4, 6, 7, 12, 13, 14, 15, and 20
• Lead in a sample from SW/SED location 8
• Zinc in a sample from SW/SED locations 6 and 12
• Cyanide in a sample from SW/SED location 7

The aluminum exceedances in samples from SW/SED Locations 1 and 18 can not be attributed to site
contamination because both locations occur in an upstream reach of West Branch Perkiomen Creek. In
fact, the samples collected from these locations were intended to reflect background conditions. The
aluminum concentrations in surface water at SW/SED Locations 2,6, 11, and 13 are either lower or very
close to the background aluminum concentrations detected at SW/SED Locations 1 and 18. The site
background concentrations of aluminum may or may not reflect past or ongoing agricultural activities in
the regional landscape, but they clearly reflect aluminum concentrations common in areas unaffected by
the disposal of hazardous waste at the site.

The aluminum concentrations detected in surface water samples from SW/SED Locations 12, 14, 15, and
20 suggest that some ecological receptors at those locations may be experiencing adverse impacts of
modest magnitude. Particularly noteworthy is the concentration of 1,490 ug/L from SW/SED location 12,
which corresponds to an HQ of 59.6. Even an HQ of this magnitude, however, suggests a potential
impact only to the most sensitive of receptors and not a high level of devastation to the overall community
of aquatic organisms. Predators in the region who depend on aquatic biota for prey are not likely
experiencing a significant shortage of food due to these locally high aluminum concentrations. The
potential for impacts to predators due to the bioaccumulation of aluminum into prey tissues is addressed
in the food chain modeling in Section 3.0.

The iron exceedances at SW/SED locations 2, 3, 4, 7, 13, 14, and 20 are minimal, with HQs less than
1.25. The iron concentrations from SW/SED Locations 6, 12, and 15 suggest that some ecological
receptors at those locations may be experiencing adverse impacts of modest magnitude. It must be
noted, however, that iron is naturally abundant throughout the local region due to the geology, and iron
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historically was mined extensively in close proximity to the site. In fact, SW/SED Location 12 is a spring
emanating within an old and abandoned iron ore pit. Considering that high levels of both aluminum and
iron might be expected due to the area's geology and agricultural activity and that iron is not typically
associated with the industrial solvents disposed at the site, no further consideration of potential ecological
risk from either constituent is considered.

EPA Region 3 freshwater screening values are not available for magnesium or sodium. However, all the
concentrations detected for each of these analytes were in the same general range, and downstream
values were roughly comparable to values from the upstream background control locations (SW/SED
locations 1 and 18). The copper, cyanide, lead, and zinc exceedances were all minimal, not suggestive
of anything more than localized impacts to only the most sensitive of receptors and considered
insignificant within the context of the regional ecosystem.

VOCs (Table 7-10)

The VOCs vinyl chloride, trichlorofluoromethane, 1,1-DCE, carbon disulfide, acetone, trans-1,2-DCE, cis-
1,2-DCE, chloroform, 1,2-dichloroethane (DCA), TCE, toluene, 1,1,2-trichloroethane (TCA), and PCE
were detected in one or more surface water samples. None of the concentrations exceed EPA Region 3
freshwater screening values.

SVOCs (Table 7-11)

The SVOC di-n-butyl phthalate was detected at 1 ug/L at SW/SED locations 4 and 7. Each detection
exceeds the EPA Region 3 screening value of 0.3 ug/L. Because the detected concentration of 1 ug/L
slightly exceeds the screening value of 0.1 ug/L, the potential impacts are likely limited to minor effects on
only the most sensitive receptors, with little potential for significant effects on the overall ecosystem. The
potential for di-n-butyl phthalate to affect wildlife drinking surface water is addressed in the food chain
modeling.

Pesticides and PCBs (Table 7-12)

The pesticide Delta-BHC was detected at a concentration of 0.0031 ug/L at SW/SED location 20. No
corresponding screening value has been established by EPA Region 3 BTAG, and no screening values
are readily available from the scientific literature. However, this concentration is very low and thus has
little potential for even a localized adverse impact to most ecological receptors.
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î - "a.
3
Q

£

CD

tn

tr

-

OJ

""co
a> a>

CO

Co
mp
ou
nd

COc•3
COu_

CO
o
LL.

oo

D
D

)

1

6
>

rr

O
O

D

0)

nc
mo
ro
Ti
uo
ro
me
tn
ar

oo
3

CDJ
u

>

>
5

5

-

5

CO
o

CO
O

—3
CD
CD

CM

)

3i
D
j•j
D
J

u:

LU
O
OJ

i
j

tt

Oo
3

D
O

)
)

>
5
3
D
N

1
0

cr
o

if
^

oo
3

O
D

0)
i
3
5
5
3
5

>
_>

D
M

O
M

>

J

Q

D
o"
CM

)
D

)

i
•M

0
CU
CO

o
CDa

cr
a

— j
CD
CD

0
31

CN

D

JJ
M

I
0

J
5
3

O
O

\>
)

D

cf

D

I

a>
0

i>
j
3

rsi

CO

CO
CO

O
0

O
3

L>
j
>
3

D

O

D

D

D

g

0
V

»
>
3
D
•M

to
to
cnc
"ctoto
o
C/)
CO
5 <O C
'cn <
CDcc
<
0.
LJJ
to.c*̂  r-*- O
O LU
-c (2
"S °°S °°JD <O
r_ •*
O C

f0) rsic m
0 S•o oCD 3
CD 5
O 9:
X O

OJ CD CO
3 IJ I-

-o
CD <D O
•OP O
= 0 Q
< CD ^

RR3007l*2



o<
LLcc

T s UJ
^ n -1uj g co
mOO
«P??

CO
L̂
CM

CM
O
CSI

CN
O)

CN
r-

CM
CO

CSI
If)

CM

CN
<

-

-|6 ̂
^~ 3
O

CO

$ §
ro — CO
. -™ LL.

<|

^f

•o
C
ZJo
Q.
Eo
O

CD

D
D

D
D

OJy
5
O

tr
CN

o
D

D
D

OJ
D

•>
53

>

—)

O
D

CD
LU
CO
OJ

a
D

5
5

0

CO

CM

U

"5m
Q
53
0
O

JJ
O
oi

Ac
et
on
e

in

D
D

O
O
D

L>
U

0

o
3
9
CN

n
0

Cs

Z

O

O
CO
CO
CO

o
o

ooo

OJ
ti

5
39

CM

«
o

-J

tj-
CN

o
M

5
5
5
o

3
CD

D
o"
CN

0
D

5
5
j
Q
csj

O

CM

CO

0

CM

->

Orj
CO

o
IO
CD
CM

0
CO
CO

D
JJ
CN

D
JJ
M

Tr
ic
hl
or
oe
th
en
ti

CO
o

D
D

To
lu
en
e

— j
CM

D

i

o
D
Ol

O

n\
5
5

3

—3
O

— j
ZJ

— 3
~J
N
"̂

CM

CO

mi

otr
CO

otr
CO

<D
ni

5
5
3
D
5

oî
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The PCB Aroclor 1260 was detected at a concentration of 0.13 ug/L at SW/SED location 15. Because
that concentration only slightly exceeds the screening value of 0.1 ug/L, the potential impacts are likely
limited to minor effects on only the most sensitive of receptors, with little potential for significant effects on
the overall ecosystem. The potential for Aroclor 1260 to affect wildlife drinking surface water is
addressed in the food chain modeling.

7.3 FOOD CHAIN MODELING

Food chain modeling was conducted to assess the potential risk to ecological receptors feeding upon
environmental media (such as water and soil) or food sources (such as plants or invertebrates) impacted
by chemical constituents at the site. The screening values considered and discussed in Section 7.2 were
developed to assess endpoints pertaining to relatively immobile populations of plants, invertebrates,
microorganisms, and other organisms that directly inhabit the soil, sediment, and surface water media at
the site. The food chain modeling assesses endpoints pertaining to more mobile receptors such as
mammals and birds that do not live immersed in the media but are exposed to contamination either
through the direct ingestion of the media or the ingestion of plants or prey that have absorbed
{bioaccumulated) the chemical constituents from the media.

7.3.1 Problem Formulation

7.3.1.1 Stressors

The food chain modeling addresses chemical constituents detected in one or more media at one or more
sampling locations. Some constituents that were detected only at very low levels close to the detection
limit were excluded from the food chain screening, especially if reliable sources of toxicity and
bioaccumulation data were not readily available.

7.3.1.2 Receptors

Six receptor species of terrestrial wildlife and birds were selected as endpoints for the food chain
modeling. These species provide a representative cross section of the taxonomic groups and general
feeding characteristics (feeding guilds) in the habitats on the Crossley Farm Site. The natural range of
each species includes all of eastern Pennsylvania {Hamilton and Whitaker, 1979). Each would be
expected to be common in the site habitats discussed in Section 3.7 {Hamilton and Whitaker, 1979;
Sample and Suter, 1994). The receptor species include the following:
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Eastern Cottontail Rabbit (Sylvilagus floridanus). This is a mid-sized mammal whose diet
consists almost exclusively of plant material. The cottontail rabbit occupies diverse habitats
including swampy woods, upland thickets and farmlands, and residential areas. It does not
favor heavy forests but thrives in clearings created in the forest by lumbering (Hamilton and
Whitaker, 1979). It would therefore be expected to be frequent throughout the Crossley Farm
Site and environs, which comprise a landscape of farmland, hedgerows and old fields, rural
residences, forested wetlands with wet glade-like openings, and forests punctuated by
frequent clearings created by selective logging.

White-Footed Mouse (Peromyscus leucopus). This is a small mammal whose diet
consists of roughly equal proportions of plant material and arthropods. Although favoring
forested habitats, it also frequents hedgerows, brushy areas, and fields when hedgerows or
forest are close (Hamilton and Whitaker, 1979). It would therefore be expected throughout
most of the Crossley Farm Site and environs, except perhaps for the large cultivated field in
the northern part of the site.

Short-Tailed Shrew (Blarina brevicauda). This is a small mammal whose diet consists
predominantly of earthworms, insects, and other invertebrates. Like the previous two
species, it frequents a diversity of habitats. It has a preference for damp woods with thick
leaf cover on the ground and also frequents wet meadows and old fields (Hamilton and
Whitaker, 1979). The mosaic of forested wetlands, wet clearings, and damp upland forests in
the central and southern parts of the Crossley Farm Site provides excellent habitat for this
species. The large cultivated field in the northern part of the site constitutes poor habitat.

Red Fox (Vulpes vulpes). This is a large mammal whose diet consists predominantly of
small mammals and birds. Its habitat preference is rolling farm land mixed with sparsely
wooded areas, marshes, and streams (Hamilton and Whitaker, 1979). Most of the Crossley
Farm Site and environs provide excellent habitat.

American Robin (Turdus migratorius). This is a small bird whose diet consists
predominantly of a mixture of plant material and invertebrates. It prefers clearings over
dense forests as habitat. The frequent small fields and forest clearings prevalent over most
of the Crossley Farm Site and environs provide excellent habitat. The large agricultural field
in the northern part of the site does not provide favored habitat.
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• Red-Tailed Hawk (Buteo jamaicensis). This is a large bird whose diet consists
predominantly of small mammals.

Quantitative attributes used in the food chain modeling for each of these six species are based on
information contained in Sample and Suter (1994) and are tabulated in Table 7-13. For each species,
values are presented for body weight, food ingestion rate, soil ingestion rate, and water ingestion rate.

Certain simplifying assumptions were made regarding the proportion of plant material, soil invertebrates,
and prey tissue in the diets of the species. The diet of the cottontail rabbit was assumed to constitute 100
percent plant material, and the diet of the short-tail shrew was assumed to constitute 100 percent soil
invertebrates (term applied to earthworms, various insects and other arthropods, slugs, and other fauna
that inhabit the soil). The diets of the red fox and red-tailed hawk were assumed to constitute 100 percent
tissue from small mammal prey.

7.3.1.3 Exposure Pathways

The food chain modeling addresses the ingestion pathways in the conceptual site model [either ingestion
of environmental media, or ingestion of food sources (diet) containing chemical constituents originating
from the environmental media] by larger and relatively mobile ecological receptors that do not directly
inhabit the media. The potential impacts to plants and relatively small and immobile receptors that
directly inhabit soils, sediment, and water (such as earthworms, soil-dwelling and sediment-dwelling
invertebrates, plankton, benthic organisms, and small fish) were the subject of the screening analysis
(Section 7.2.) and are not addressed by the food chain modeling.

7.3.2 Ecological Effects Characterization

The food chain modeling addresses the potential impact from estimated doses of each chemical
constituent received by receptors from exposure to environmental media. Doses estimated through
exposure assessment (Section 7.3.3) were compared to toxicity reference values (TRVs) from published
reports. The two types of TRVs used in the food chain modeling are as follows:

• No-observed-adverse-effects levels (NOAELs)
• Lowest-observed-adverse-effects-levels (LOAELs)

The NOAEL and LOAEL values used in the food chain modeling are presented in Tables 7-14 and 7-15,
respectively. Most of the values are from the Estimated Wildlife NOAEL and LOAEL values listed in
Table 12 of Toxicological Benchmarks for Wildlife: 1996 Revision (Sample etal., 1996). The
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TABLE 7-14
WILDLIFE NOAEL VALUES USED IN FOOD CHAIN MODELING1

CROSSLEY FARM SITE

Constituent Rabbit Mouse Shrew Fox Robin Hawk
Metals and Cyanide

Aluminum
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Cyanide
Lead
Manganese
Mercury
Nickel
Selenium
Silver
Thallium
Vanadium
Zinc

0.767
0.050
4.0
0.49
0.709
2.41
11.2
47.4
5.88
65
0.024
29.40
0.147
0.149"
0.005
0.143
117.6

2.086
0.136
10.8
1.32
1.926
6.55
30.4
128.9
15.98
176
0.064
79.89
0.399
0.405'
0.015
0.389
319.5

2.295
0.150
11.8
1.45
2.120
7.21
33.4
141.9
17.58
193
0.070
87.91
0.440
0.446'
0.016
0.428
351.7

0.551
0.036
2.8
0.35
0.509
1.73
8.0
34.1
4.22
46
0.010
21.12
0.106
0.107'
0.004
0.103
84.5

109.7
2.5
20.8
N/A
1.45
1.00
47.0
0.04'
1.13
997
0.006
77.40
0.400
178'
0.35'
11.400
14.5

109.7
2.5
20.8
N/A
1.45
1.00
47.0
0.04'
1.13
997
0.006
77.40
0.440
178'
0.35'
11.400
14.5

VOCs
Acetone
1 ,2-Dichloroethene
Trichloroethene
Tetrachloroethene

7.3
22.0
0.278
0.56

20.0
59.9
0.756
1.51

22.0
65.9
0.832
1.66

5.3
3.1
0.200
0.40

52"
N/A
N/A
N/A

52'
N/A
N/A
N/A

SVOCs
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Bis(2-ethylhexyl)phth.
Chrysene
Di-n-butylphthalate

0.066'
N/A
N/A
0.40
7.3
N/A
219

0.181"
N/A
N/A
1.08
19.8
N/A
594

0.199"
N/A
N/A
1.19
21.8
N/A
654

0.048"
N/A
N/A
0.29
5.2
N/A
157

0.0008'
0.0001'
0.0001'
0.001'
1.10
0.001'
0.11

0.0008'
0.0001"
0.0001'
0.001'
1.10
0.001'
0.11

Pesticides and PCBs
Aroclor 1254
Aroclor 1260 (A. 1254)
Alpha-Chlordane (Chlordane)
DDE (DDT & Metabolites)
DDT (DDT & Metabolites)
Dieldrin
Endosulfan II (Endosulfan)
Endrin Aldehyde {Endrin)

0.022
0.022
1.8
0.59
0.59
0.015
0.11
0.037

0.061
0.061
5.0
1.60
1.60
0.040
0.30
0.099

0.067
0.067
5.5
1.76
1.76
0.044
0.33
0.109

0.096
0.096
1.3
0.42
0.42
0.011
0.08
0.026

0.180
0.180
2.1
0.003
0.003
0.077
10.0
0.010

0.180
0.180
2.1
0.003
0.003
0.077
10.0
0.010

1Unless otherwise noted, NOAEL values from Table 12 (Appendix D) of Sample ei*a/., 1996.
2These NOAEL values correspond to TRVs listed in Tables E-7 (for mammal receptors) and E-8 {for
avian receptors) of EPA, 1999. The TRVs in those tables were scaled based on the ratio of body
weights of the receptor species and of the test species used to develop the data, using Equations
(4) and (6) in Sample era/., 1996.
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TABLE 7-15
WILDLIFE LOAEL VALUES USED IN FOOD CHAIN MODELING1

CROSSLEY FARM SITE

Constituent Rabbit Mouse Shrew Fox Robin Hawk
Metals and Cyanide

Aluminum
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Cyanide
Lead
Manganese
Mercury
Nickel
Selenium
Silver
Thallium
Vanadium
Zinc

7.674
0.501
14.6
4.9J
7.089
9.66
14.7
474J
58.79
209
0.118
58.79
0.243
1.49'
0.055
1.433
235.2

20.856
1.362
39.5
13.2J
19.264
26.24
40.0
1289J
159.77
567
0.320
159.77
0.659
4.05'
0.149
3.894
639.1

22.952
1.498
43.5
14.5J
21.200
28.88
44.0
14191*
175.83
624
0.352
175.83
0.725
4.46'
0.164
4.285
703.3

5.515
0.360
10.5
3.5J
5.094
6.94
10.6
341 J
42.25
150
0.017
42.25
0.174
1.07'
0.039
1.030
169.0

44.5
7.4
41.7
N/A
20.00
5.00
61.7
0.4'
11.30
9970°
0.064
107.00
0.800
1780'
3.5'
114J
131.0

44.5
7.4
41.7
N/A
20.00
5.00
61.7
0.4'
11.30
9970'
0.064
107.00
1.500
1780'
3.5'
114-*
131.0

VOCs
Acetone
1,2-Dichloroethene
Trichloroethene
Tetrachloroethene

36.7
220
2.783
2.78

99.9
599
7.564
7.56

109.9
659
8.324
8.32

26.4
31
2.000
2.00

520'
N/A
N/A
N/A

520"
N/A
N/A
N/A

SVOCs
Benzo(a)anthracene
Benzo{b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Bis(2-ethylhexyl)phth.
Chrysene
Di-n-butylphthalate

0.66'
N/A
N/A
3.98
73
N/A
729

1.81"
N/A
N/A
10.81
198
N/A
1981

1.99̂
N/A
N/A
11.89
218
N/A
2180

0.48'
N/A
N/A
2.86
52
N/A
524

0.0076'
0.0014'
0.0014'
0.01'
11.0°
0.01'
1.10

0.0076'
0.0014'
0.0014"
0.01'
11.0*
0.01'
1.10

Pesticides and PCBs
Aroclor 1254
Aroclor 1260 (A. 1254)
Alpha-Chlordane {Chlordane)
DDE (DDT & Metabolites)
DDT (DDT & Metabolites)
Dieldrin
Endosulfan II (Endosulfan)
Endrin Aldehyde {Endrin)

0.223
0.223
3.7
2.94
2.94
0.147
1.1°
0.366

0.607
0.607
9.9
7.99
7.99
0.399
3°
0.994

0.668
0.668
10.9
8.79
8.79
0.440
3. 3'
1.094

0.474
0.474
2.6
2.11
2.11
0.106
0.8J
0.263

1.800
1.800
10.7
0.028
0.028
0.77J
100J
0.100

1.800
1.800
10.7
0.028
0.028
0.77J
100J
0.100

1 Unless otherwise noted, LOAEL values from Table 12 (Appendix D) of Sample et al., 1996.
2These LOAEL values correspond to ten times NOAEL-based TRVs listed in Tables E-7 (for mammal receptors) and
E-8 (for avian receptors) of EPA, 1999. The TRVs in those tables were scaled based on the ratio of body weights of
the receptor species and of the test species used to develop the data, using Equations {4) and (6) in Sample etal.,
1996.

12 (Appendix D) of Sample et al., 1996 lists NOAEL data but not LOAEL data. LOAELs shown estimated as
NOAEL times 10.
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,0.25

medium-specific benchmark values presented in that table were not used in the food chain modeling.
The preparers of that report used NOAEL and LOAEL values reported in the toxicological literature for
various test species (typically rats or domestic species) to estimate NOAEL and LOAEL values for wildlife
species. When other toxicological parameters, such as LD50, were reported for the test species in the
literature, the authors used appropriate uncertainty factors to estimate NOAEL and LOAEL values for the
test species.

The report used conversion formulas, based on the relative difference in body weight between the test
species and the wildlife species, to calculate estimated NOAEL and LOAEL values for the wildlife
species.

For mammalian wildlife species, the NOAEL conversion formula was as follows:

NOAEL wiwirte species = NOAEL test spccies (BW test species / BW wildlife species)

where BW refers to body weight.

For avian wildlife species, the NOAEL conversion formula was as follows:

NOAEL WjW|jfe species = NOAEL test species (BW test species / BW Wjld|rte species)

which simplifies to

NOAEL wildlife species = NOAEL testspecies-

This indicates that NOAEL values for avian test species were adapted without change as estimated
NOAEL values for avian wildlife species.

Corresponding conversion formulas were used to estimate wildlife LOAEL values from LOAEL values
reported in the literature for test species.

Mammalian test species data for silver, benzo(a)anthracene, benzo(b)fluoranthene, and
benzo{k)fluoranthene were not available in Sample et al., 1996. Test species data reported in Screening
Level Ecological Risk Assessment Protocol for Hazardous Waste Combustion Facilities (Appendix E)
(EPA, 1999) were used to estimate values for silver and benzo(a)anthracene. The test species data was
converted to corresponding estimated data for the wildlife receptors using the formulas noted above. No
mammalian test species data were available in either publication for benzo(b)f)uoranthene or
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benzo(k)fluoranthene. Therefore, no mammalian NOAEL or LOAEL values were calculated for those
constituents.

Avian test species data for cyanide, silver, thallium, acetone, benzo(a)anthracene, benzo(b)fluoranthene,
benzo(k)fluoranthene, benzo(a)pyrene, or chrysene were not available in Sample et al., 1996. Test
species data in Appendix E of Screening Level Ecological Risk Assessment Protocol for Hazardous
Waste Combustion Facilities (EPA, 1999) were used to estimate values for each of those constituents.
For pesticides, values reported by Sample et al., 1996 for Aroclor 1254 were also used as values for
Aroclor 1260. Values for DDT and metabolites were used for DDT and DDE, a metabolite. Other
surrogate values included chlordane values for alpha-chlordane, endosulfan values for endosulfan II, and
endrin values for endrin aldehyde.

7.3.3 Exposure Assessment

Doses received by ecological receptors theoretically include components due to oral ingestion, inhalation,
and dermal exposure. However, the inhalation and dermal components are generally insignificant for
most mammals and birds. Therefore, the food chain modeling assumes that the entire dose for each
chemical constituent by each receptor is obtained through oral ingestion.

Oral ingestion includes two types of components:

• Direct ingestion of environmental media. On the Crossley Farm Site, media subject to direct
ingestion by wildlife include soil, sediment (primarily in wetlands associated with various
springs and seepages), and surface water (primarily in the seeps and small streams).

• Ingestion of plant or prey tissue that has bioaccumulated chemical constituents from soil,
sediment, and surface water at the site. Bioaccumulation is the process by which
constituents in environmental media become incorporated into the tissues of organisms
exposed to those media.

7.3.3.1 Direct Ingestion of Environmental Media

The concentrations of each chemical constituent in soil, sediment, and surface water at select locations
were measured directly through sampling. The food chain modeling used the maximum concentrations
obtained for each constituent in each of the three environmental media on the site (Table 7-16). This
assumption introduces considerable conservatism into the exposure estimates, because it is unlikely that
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TABLE 7-16
MAXIMUM CONCENTRATIONS IN MEDIA USED IN FOOD CHAIN MODELING1

CROSSLEY FARM SITE

Constituent Soil
(mg/kg)
(dry)

Soil
Location

Sediment
(mg/kg)
(dry)

Metals and Cyanide
Aluminum
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Cyanide
Lead
Manganese
Mercury
Nickel
Selenium
Silver
Thallium
Vanadium
Zinc

35,400
9.1
261
2.2
0.32
45.6
47.4
(0.25)
39.4
1,500
(0.05)
26.9
1.1
1.2
1.8
105
159

SB10
SB10
SB10
SB10
SB6
SB8
SB10

S10
SB10

SB10
SB10
S10
SB10
SB10
SB8

22,200
18.3
185
1.8
0.85
59.6
35.5
14.2
246
1,300
3.4
28.5
2.3
0.71
0.6
66.6
263

Sediment
Location

Water
fmg/L)

12
12
11
8
10
2
8
17
8
12
8
12
11
17-2
12
2
12

1.490
0.003
0.058
0.00023
(0.0025)
0.0021
0.048
0.02
0.015
3.790
(0.0001)
(0.02)
(0.0012)
(0.005)
0.0025
(0.025)
0.057

Water
Location

12
12
15
15

15
6
7
8&12
12

16&18

12
VOCs

Acetone
1,2-Dichloroethene
Trichloroethene
Tetrachloroethene

(0.006)
(0.006)
0.022
0.010

SB8
SB8

0.0693
0.158
6.24
0.0651

SVOCs
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo{k)fluoranthene
Benzo(a)pyrene
Bis(2-ethylhexyl)phth.
Chrysene
Di-n -butyl phthalate

(0.215)
(0.215)
(0.215)
(0.215)
(0.195)
(0.215)
0.031 S9

0.512
0.767
0.240
0.617
0.926
0.512
0.077

12
11
11
11

0.0151
1.1
3
0.12

6
11
11
11

8
8
19
12
12
8
16

(0.005)
(0.005)
(0.005)
(0.005)
(0.005)
(0.005)
0.001 4&7

Pesticides and PCBs
Aroclor 1254
Aroclor 1260 (A. 1254)
Alpha-Chlordane
(Chlordane)
DDE
DDT (DDE)
Dieldrin
Endosulfan II (Endosulfan)
Endrin Aldehyde (Endrin)

(0.0215)
0.260
(0.0011)

0.0034
0.0016
0.00087
(0.00215)
0.00071

S9

S10
S10
S10

SB10

0.3
(0.211)
0.48

0.097
0.054
0.0028
0.0039
0.036

10

19

8
8
13
10
2

(0.0005)
0.00013
(0.00002)

(0.00005)
(0.00005)
(0.00005)
(0.00005)
(0.00005)

15

1 Parentheses indicate that the constituent was not detected in any sample from any location at the
Crossley Farm site. The number enclosed by the parentheses indicates 0.5 times the highest detection
limit for the samples for the corresponding medium and constituent.
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any receptor would derive its entire ingestion from that part of the site with the highest concentration of
each chemical constituent.

7.3.3.2 Ingestion of Plant and Prey Tissue

The concentrations of chemical constituents in plant and prey tissue were not directly measured in this
investigation. Instead, published bioconcentration factors (BCFs, sometimes termed uptake factors) were
used to calculate estimated concentrations in tissues, based on the maximum measured concentrations
in media, as follows:

• Concentration in upland plant tissue equals (concentration in soil)(BCFsolH)ianl){0.12)

• Concentration in wetland plant tissue equals (concentration in sedimentXBCFjed.̂ ,.
p.ant){0.12)

• Concentration in upland soil invertebrate tissue equals (concentration, in soil)(BCFsoi|,jnveriebrate)

• Concentration in wetland invertebrate tissue equals (concentration in
in vertebrate)

• Concentration in prey mammal tissue equals (concentration in

The maximum concentrations of each constituent in each medium at the Crossley Farm Site were used
as the basis for estimating bioaccumulation in plant and prey tissue in the diets of receptors. As noted
above for the direct ingestion of media, this assumption introduces considerable added conservatism into
the exposure estimates, because it is unlikely that any receptor would derive its entire diet from plants or
prey inhabiting that part of the site with the highest concentration of each chemical constituent.

Estimation of Plant Tissue Concentrations

The plant tissue addressed in the food chain modeling includes terrestrial trees, shrubs, grasses, and
forbs growing in upland locations and trees, shrubs, and persistent emergent grasses and forbs growing
in wetland locations (i.e. in sediment rather than soil). Tables 7-17 and 7-18 list the BCF values used in
the food chain modeling. Most of the BCFMH_plant values are from Table C-2 of Appendix C (EPA, 1999).
These same set of values also serve for BCF8ediment.Piant- This is considered a valid assumption, since the
sediment on the site is actually wetland soil (hydric soil) rather than the aquatic substrate typically
referred to as sediment.
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TABLE 7-17
BCFS FOR MEDIA TO FOOD ITEMS (UNITLESS)1

CROSSLEY FARM SITE

Constituent Soil-
Invertebrate
BCF

Soil-
Plant
BCF

Sediment-
Invertebrate
BCF

Sediment-
Plant
BCF

Metals and Cyanide
Aluminum
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Cyanide
Lead
Manganese
Mercury
Nickel
Selenium
Silver
Thallium
Vanadium
Zinc

0.22
0.11
0.22
0.22
0.96
0.01
0.04
1.12
0.03
0.22'
8.50
0.02
0.22
0.22
0.22
0.22"
0.56

0.004
0.036
0.15
0.01
0.364
0.0075
0.4
1J
0.045
1°
0.137
0.032
0.016
0.4
0.004
1J
0

0.90
0.90
0.90
0.90
3.4
0.39
0.30
0.90
0.63
0.90"
0.48
0.90
0.90
0.90
0.90
0.90"
0.57

0.004
0.036
0.15
0.01
0.364
0.0075
0.4
1J
0.045
1°
0.137
0.032
0.016
0.4
0.004
1"
0

VOCs
Acetone
1,2-Dichloroethene
Trichloroethene
Tetrachloroethene

0.05
2.38°
1 1 ,84D
10.98°

52
3.263
1.05*
1.11'

0.05
2.38°
1 1 .84'
10.98°

52
3.26D
1.053
1.11°

SVOCs
Benzo(a)anthracene
Benzo(b}fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Bis(2-ethylhexyl)phth.
Chrysene
Di-n-butylphthalate

0.03
0.07
0.08
0.07
1309
0.04
426'

0.0202
0.0101
0.0101
0.0
0.038
0.0187
0.08'

1.45
1.61
1.61
1.59
1309
1.38
426"

0.0202
0.0101
0.0101
0.0
0.038
0.0187
0.08°

Pesticides and PCBs
Aroclor 1254
Aroclor 1260 (A. 1254)
Alpha-Chlordane {Chlordane)
DDE
DDT (DDE)
Dieldrin
Endosulfan II (Endosulfan)
Endrin Aldehyde (Endrin)

1.13
1.13
107173
1.26
1.26
1786°
1633
9963

0.01
0.01
0.0093
0.00937
0.00937
0.033
0.173
0.053

0.53
0.53
10717°
0.95
0.95
17863
1633
996D

0.01
0.01
0.0093
0.00937
0.00937
0.03°
0.17°
0.053

1 Unless otherwise noted, BCF data from Appendix C of EPA, 1999.
2EPA, 1999 uses 0.22 as the Soil-Invertebrate BCF for those inorganics for which literature data was not available.
This compound was not listed in Table C-1, but 0.22 was likewise used as an estimate.
3A Soil-Plant BCF of 1 was conservatively estimated for those inorganics not listed in Table C-2 of EPA, 1999.
4EPA, 1999 uses 0.90 as the Sediment-Invertebrate BCF for those inorganics for which literature data on BCF was
not available. This compound was not listed in Table C-6, but 0.90 was likewise used as an estimate.

5For organic compounds not listed in Appendix C of EPA, 1999, BCF values were estimated based on Kow values,
using equations in Appendix C.
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TABLE 7-18
BCFS FOR PLANT TO PREY MAMMAL TISSUE (UNITLESS)1

CROSSLEY FARM SITE

Constituent Plant-Prey Tissue BCF
White-footed Mouse

Metals and Cyanide
Aluminum
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Cyanide
Lead
Manganese
Mercury
Nickel
Selenium
Silver
Thallium
Vanadium
Zinc

LOOe-02"
1.23e-03
9.21e-05
6.14e-04
7.37e-05
3.386-03
1.00e-02'
LOOe-02*
1.84e-04
LOOe-02'
4.79e-04
3.68e-03
1.396-03
1.84e-03
2.466-02
tOOe-02"
5.536-05

VOCs
Acetone
1,2-Dichloroethene
Trichloroethene
Tetrachloroethene

9.27e-09
6.12e-09J
9.86e-08J
3.98e-08J

SVOCs
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Bis(2-ethylhexyl)phth.
Chrysene
Di-n-butylphthalate

7.37e-03
2.466-02
2.44e-02
2.08e-02
2.47e-03
8.47e-03
3.48e-06°

Pesticides and PCBs
Aroclor 1254
Aroclor 1260 (A. 1254)
Alpha-Chlordane (Chlordane)
DDE
DDT (DDE)
Dieldrin
Endosulfan II (Endosulfan)
Endrin Aldehyde (Endrin)

2.49e-02
2.49e-02
1.78e-04 J
2.786-02
2.78e-02
2.00e-05J
1.07e-06J
9.81e-06J

^Unless otherwise noted, BCF data from Appendix C of EPA, 1999.
Conservative estimate for metals lacking data in Appendix C of EP
Calculated based on Kow using equations in Appendix C of EPA,'
white-footed mouse of 0.0034 kg/day (wet weight), all comprising plants.

Conservative estimate for metals lacking data in Appendix C of EPA, 1999.
Calculated based on Kow using equations in Appendix C of EPA, 1999. Assumed a food ingestion rate for the
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EPA (1999, Table C-2) uses empirical field or laboratory data, when available, as the basis for the BCF
values. A few inorganic constituents addressed in the food chain modeling for this report were not listed
in Table C-2. For those inorganic constituents, a conservative estimate of 1.0 was used as the BCF
value.

For organic constituents lacking empirical data, EPA (1999, Table C-2) uses estimated BCF values based
on the octanol-water partitioning coefficient (Kow) and the following equation:

log BCF soil_plan, = 1.588 - 0.578 log K™

EPA (1999, Table C-2) did not include several of the organic constituents addressed in the food chain
modeling. The equation noted above was used to estimate BCF values for those constituents for use in
the food chain modeling.

The BCF factors either reported by EPA (1999, Table C-2), or calculated using K^ represent the
conversion of soil concentrations to plant concentrations on a dry weight basis. Because food chain
modeling must use plant tissue concentrations on a wet (fresh) weight basis, a conversion factor of 0.12
must be used in the calculation.

Estimation of Soil and Sediment Invertebrate Tissue Concentrations

The invertebrate tissue addressed in the food chain modeling includes earthworms, slugs, snails, insects
and other arthropods, and other similar fauna living immersed in upland soils and wetland sediments.
Most of the BCFsoiMnvertebrate and BCFsediment-invertebrate values are from EPA (1999, Tables C-1 and C-6).
Where available, EPA uses empirical field or laboratory data for these tables as the basis for the BCF
values. For inorganic constituents lacking empirical data, EPA uses an estimate of 0.22 for BCFSDI|_
invertebrate and an estimate of 0.90 for BCFsediment-tnvertebrate- The values of 0.22 and 0.90 were used in this
report to estimate like BCF values for certain other inorganic constituents included in the food chain
modeling, but not listed in the EPA tables.

For organic constituents lacking empirical data, EPA estimates BCF values based on KOW using the
following equation:

log BCFsoiMnvertebrate = 0.819 log KO*- 1.146

The same equation was used to calculate estimated BCFsediment.invertebrate values for constituents used in
the food chain modeling but not included in the tables.
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It is noted that BCF values that are estimated using the above equation (whether for constituents listed in
the tables or for constituents not listed in the tables) are generally much higher than empirically
determined BCF values for chemically similar organic constituents. Use of this equation to estimate BCF
values, therefore, introduces considerable conservatism into the exposure calculations for constituents
lacking empirically determined BCF values.

Estimation of Mammalian Prey Tissue Concentrations

For the food chain modeling, the diet of carnivorous receptors such as the red fox and red-tailed hawk
was assumed to consist entirely of the flesh of the white-footed mouse, which is considered typical of the
small mammals expected to inhabit the site. Additionally, the diet of the mouse is a mixture of both plant
tissue and soil-dwelling invertebrates. Because separate BCF factors must be used for each prey
species considered in the food chain modeling, a mixed diet of the flesh of multiple prey species would
require very complex calculations.

EPA (Table D-1, 1999) reports BCF factors that allow for the estimation of concentrations in white-footed
mouse tissue, based on concentrations in plant tissue (BCFpian,.mammai). For those inorganics included in
the food chain modeling, but not listed by EPA in Table D-1, a conservative estimate of 0.01 was used as
BCFpian,.moiJ9e. For organics included in the modeling but not in the EPA tables, the following equation was
used:

O\j\~plant-mouse ~ ("B mouseX'" mouse)

where

log Ba mou5e = -7.6 + log K™,

and IR moU8e refers to the ingestion rate for the white-footed mouse (0.0034 kg/day).

7.3.3.3 Exposure Calculations

The equations used to calculate estimated exposures for each of the six wildlife receptors selected for the
food chain modeling are illustrated in Figure 7-i Inputs for the equations are from the following tables:
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FIGURE 7-1
EQUATIONS USED TO ESTIMATE EXPOSURE (DOSE)

CROSSLEY FARM SITE

Erabbit=[0.5(IR piam)(conc. soil)(BCF soi|.p,anl)<0.12) + 0.5(IR ptant)(conc. sed.)(BCF sedtmen.-pian.)(0.12)

+ 0.5(IR soj|)(conc. soil) + 0.5(IR soi|)(conc. sed) + (IR Watef)(conc. water)]/BW rabbit

Emouse=[0.5(IR p,an,)(conc. soil)(BCF SOJ|.p,an,){0.12) + 0.5(IR p,an,)(conc. sed.)(BCF ̂̂ .̂(0.12)

+ 0,5(IR invertebrate)(COnC. SOJI)(BCF soil-invertebrate) + 0.5(IR invertebrate)(COnC. S6d)(BCF sediment-invertebrate)

+ 0.5(IR sojiXconc. soil) + 0.5(IR soii)(conc. sed) + (IR water)(conc. water)]/BW mouse

EshreW=[0.5(IR invertebrate) (COnC. SOll)(BCF soil-invertebrate) + 0.5(IR invertebrate) <COnC. S6d.)(BCF sediment-invertebrate)

+ 0.5{IR soii)(conc. soil) + 0.5(IR ̂{conc. sed) + (IR water)(conc. water)]/BW shrew

EfOX=[0.5(IR mammal)(COnC. SOJI)(BCF SOi.-plant)(0.12){BCF ̂ nt-mouse)

+ 0.5(IRmammal)(conc. sed.)(BCF 8ediment-Piant)(0.12)(BCFplan,.mouse) + 0.5(IR soii)(conc. soil)

+ 0.5(IR someone. sed) + (IR water)(conc. water)]/BW fox

Erobin=[0.5(IR piant)(conc. soil)(BCF S0ii-piant)(0.12) + 0.5(IR piflnt)(conc. sed.)(BCF

+ 0.5(IR invertebrate)(COnC. SOJI)(BCF soil-in vertebrate) + 0.5{IR mvertebrate) (COnC. S6d)(BCF sediment-invertebrate)

+ 0.5(IR soi|)(conc. soil) + 0.5(IR soi,)(conc. sed) + (IR water)(conc. water)]/BW robin

Ehawk=[0.5(IR mammatJtCOnC. SOil)(BCF soi|.p,ant){0.12)(BCF pi

+ 0.5(IR mammal)(COnC. S6d.)(BCF 8ediment-plan.)(0.12)(BCF ̂ nt-monse) + 0.5(IR soil)(COnC. SOJI)

+ 0.5(IR 90ii)(conc. sed) + (IR water)(conc. water)]/BW hawk
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• IR (Ingestion Rate) Table 7-13
• BW (Body Weight) Table 7-13
• cone, soil (Concentration in Soil) Table 7-16
• cone, sediment (Concentration in Sediment) Table 7-16
• cone, water (Concentration in Water) Table 7-16
• BCF soiupiant (BCF soil to plant) Table 7-17
* BCF sediment-piant (BCF sediment to plant) Table 7-17
• BCF soii-invertebrate (BCF soil to invertebrate) Table 7-17
• BCF sediment-invertebrate (BCF sediment to invertebrate) Table 7-17
• BCF piant-mouse (BCF plant to white-footed mouse) Table 7-18

A key assumption made as part of the exposure calculations was the assumption that wildlife foraging for
food in the form of plant tissue or invertebrates obtained roughly half of their food in the uplands of the
site and roughly half of their food in the wetlands of the site. Although the upland land area on the site is
much greater than the wetland land area, foraging wildlife would be expected to favor the wetlands
because of the presence of drinking water and lusher vegetation. Therefore, the calculations assume that
half of the plant and invertebrate tissue consumed by the wildlife is obtained from upland substrate (soil)
and that half is obtained from wetland substrate (sediment). The calculations also assume that half of the
soil ingested directly by the wildlife (as indicated by IR ̂ n) is upland soil and that half is wetland soil (i.e.,
sediment).

7.4 RISK CHARACTERIZATION

The estimated daily doses (mg/kg/day) of each chemical constituent received by each of the six receptors
addressed by the food chain modeling are listed in Tables 7-19 through 7-24. Hazard quotients (HQs)
are calculated for each constituent for each receptor by dividing the total dose by the NOAEL and LOAEL,
respectively. An HQ exceeding 1.0 indicates that the estimated calculated dose (using the exposure
assumptions discussed in Section 7.3) exceeds the respective toxicological index (NOAEL or LOAEL).
The NOAEL-based HQ represents an extremely conservative estimate of risk. The LOAEL-based HQ
represents a conservative but more realistic estimate of risk.

For purposes of risk characterization, a LOAEL-based HQ exceeding 1.0 is interpreted to indicate
potential risk, and a LOAEL-based HQ less than 1.0 is interpreted to indicate no significant potential for
risk. Even though the LOAEL-based HQ does not reflect the very strictest of toxicological criteria
available in the literature, it is still a very conservative estimate of risk because:
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o
b

CD
TJ
'cto
o

Tf
CNo
3
CO

Tf
CNo
Tf
cb
CO

Is-
eo

T̂f

to
8
CMoo
o
to
8to
COo
CO

s
£8
Tf
b
to
3
CO
CM

CO

Is-
00
O)
CO
OO
CM
b

CO
Tf

o
o
r-coeor-r-o
b

TJre
CD

COo

s
b
CO
CNos
TT
b

CO
CO
CN
CO
Tf

Tfr-
CMto
b

seO)
COeoo
cb

O)

to
CO

Ol
COo

CD
CN

,—
Is-to
CO
CM
O)h-
coIs-o
CN
CNr-
*"
toto
3
Tf
to
CO

CD

la
ng
an
es

2

CMoh-
o
TT
CO

to
to
CO
oi
CO

OloIs-r-co
LO
b
to
9
LU
OO
CO
*~
CO
3
I
b

£

o
o

3
CN
Oleo
b
,—
^
CNo
b

Is-
T—

8oo
o
Ol
Ol
CMooo
b

,1
CD
5

Olr--to
LO

8
b
OO
LO

8
Olo
b
CN
LO
Ol
CD
p
•̂
CO
LOIs-
CNoo
b
CO
CM
CD
LO
CO
b
CO
CO
CO
CO
CO
o
CM8CN
CO

cb
CO
CN
Ol
CN

b

COo
CM
oo
o
CN
J8h-coo
b

1o
z

TT
O)
CO
O)
CO
b

CO
CNoco
Q>
TT
f-

Ŝ
Olto
b
LO
CD
ooo
b
Is-r-co
CO
CNo
b

£
to
CO
o
o
CO
CO
COh-01
Tf
b
CO
Tf

00too
b
to
9
LUh-oo
Tf

00
COh-ooo
b

el
en
iu
m

t/>

r-
TT
T—ooo
b
tor*-
Tf

oo
b
Ol
CN
LO
CN
CO
CN
b
OO
00
8oo
b
CO
COoo
b

too
OO
Tf

o
o
CO
CNto
CO
LO

b
Ol
CN
3
8
b
CO
eoooo
o
in
Tf
Olo
CMo
b

to

CO

*-
o
Ol
CNr-o
b
TT

o
Ol
CMr-
b
LO
LO

LOin
CN
b
"3"
os
b
COo
TTr-oo
b
COo

S
o
••»
CN

b

eo
Tf

to
Olo
CD

LLJ
CO
V
co
Tf

CO

b

ha
ll
iu
m

i-

r-
f1̂ -.
to
Tf
CO
CN
b

jC
to
Tf
CO
CM

O)Is-
Tf

cb
CN

CM

3
Oo
b
CO
00
CD
CM
CD
b
toto
3
Ol
CN
*~
r-
o
Tf

toto
to

CO
CN
CN
00
CO
O
b
CO
CO
COto
Tf

an
ad
iu
m

>

o>
Tf
O
COh-
Tf
b
Tf
CN
CD
CO
T—
CO
Tf'

i
CM
CO
CN
CO

h-
3Is-oo
b
ino
CO

5CM
CO

00
00
CD

*~

3Is-T—o
cb
CO

eor-
CN
Ol
CO

CN

O

O

O
C
N

CO
Oo>

m
CD
LJJ
Ol
CM
r̂
Ol
CM
Tfooo
b
CO
CN
CNo
b

OlIs-o
CNoo
b
IOto
00ooo
b
to
9
LU
TT

eo
CO
COo
B
b
m
9
LU
CN

•"*"
TfIs-r-so
b
in
CO
CÔ
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• The estimated doses are based on the maximum measured concentrations of each
constituent in media samples collected from the site.

• The bioaccumulation factors used to estimate the absorption of constituents from media to
food sources are conservative (especially those calculated based on K^ values rather than
taken from empirical studies).

• The LOAELs are based on conservative assumptions regarding the chemical form and bio-
availability of the constituents.

The following generalized observations are made regarding the dose and HQ data (LOAEL-based) that is
presented in Tables 7-19 through 7-24:

• For each of the six receptors, the highest HQs were for aluminum.

• Among herbivores (cottontail rabbit), HQs for organic constituents and inorganic constituents
(other than aluminum) are below or very close to 1.0. The data suggest that herbivores on
the Crossley Farm Site are not being significantly affected by constituents other than
aluminum.

• HQs greater than 1.0 were recorded for several chemical constituents (in addition to
aluminum) for receptors that consume soil invertebrates either as their primary diet (short-tail
shrew) or as a substantial portion of their diet (white-footed mouse). For the latter, the dose
contribution from soil invertebrates represented nearly all the total dietary dose, and the dose
contribution from plant foods was generally inconsequential. This suggests that
bioaccumulation via plants does not represent a possible threat to wildlife receptors but that
questions may remain concerning bioaccumulation via soil invertebrates.

• Several HQs substantially greater than 1.0 (as high as 224) were recorded for certain organic
constituents for the American robin (mixed diet of plants and soil invertebrates). This
generally reflects the fact that the available toxicity values (NQAELs and LOAELs) for these
compounds are substantially lower than the corresponding values for mammals and not that
the doses are substantially greater. Many of the NOAELs and LOAELs available for organic
constituents for avian receptors are ultimately based on effects on chicken embryos, which is
a test scenario not particularly relevant to the survival of wildlife.

UDOCUMENTS/RAC/RAC3/7525/14688/SEC7
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• Except for aluminum, no HQs greater than 1.0 were found for the two carnivorous receptors
(red fox and red-tailed hawk). This suggests that, although certain small mammals and birds
that feed directly on soil invertebrates may be adversely affected by certain constituents on
the Crossley Farm Site, larger wildlife that feed on these mammals and birds (i.e., the "top" of
the food chain) are not being affected.

7.5 RISK MANAGEMENT

7.5.1 Aluminum and Other Inorganic Constituents

The high HQ values for aluminum are particularly noteworthy. However, aluminum is a key chemical
constituent of natural soils in the eastern United States, and the maximum aluminum concentrations in
the soil and sediment samples on the Crossley Farm Site are close to the range of concentrations found
in natural soils in the eastern United States. For each receptor, the dose contribution of aluminum is
almost entirely attributable to soil and sediment, with the dose contribution from water very low. Similar
conclusions can be made regarding other inorganic constituents for which HQs exceeding 1.0 were
found. However, none of the LOAEL-based HQs for other inorganic constituents exceed 10 for any
receptor. Considering all the other conservative assumptions underlying the exposure estimates, the
potential for significant ecological risk from these other inorganic constituents is much lower than for
aluminum.

As discussed, inorganic constituents are not considered to be a component of the uncontrolled disposal
of hazardous wastes that are the focus of this Rl, and the distribution of aluminum in the soils, if it was
related to the disposal of hazardous waste, is not consistent with the distribution that would be expected
given the locations of the source areas and the patterns of groundwater flow and surface water flow. The
soils at the Trash Dump contain elevated levels of aluminum (and other inorganic constituents) when
compared to the rest of the site soils, but these wastes are apparently related to the disposal of typical
farm and household trash. It is possible that soils from the Trash Dump may account for some of the
elevated detections at Spring No. 101 (which is immediately downgradient from the dump), but this would
not account for the elevated detections at sample stations not located within the drainage pathway from
the dump. Potential sources of the elevated aluminum and other inorganic constituents (if they are in fact
elevated above naturally occurring concentrations) include the probable occurrence of aluminum in the
biosolids (sewage sludge) and the possible occurrence of aluminum in the other fertilizers deposited on
the surface of the agricultural fields throughout the farm.
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7.5.2 Organic Constituents

The high HQ values (LOAEL-based) calculated for the pesticides chlordane and endrin for receptors
deriving a significant portion of their diet from soil invertebrates are noteworthy. The data clearly suggest
that individuals of certain receptors obtaining part of their diet from soil invertebrates at localized areas of
maximum chlordane and endrin concentrations may be experiencing adverse toxicological effects.

The data indicate, however, that the sediment detections are localized, rather than widespread over the
entire site, and that these constituents either were not detected or were detected at low concentrations in
soil and water samples. The population-level impacts, considered on a regional landscape basis, are not
considered to likely be significant.

7.6 CONCLUSIONS AND RECOMMENDATIONS

The screening value assessment (Section 7.2) and the food chain modeling (Section 7.3) suggest that the
concentrations of certain constituents at the Crossley Farm Site may be adversely affecting some of the
more sensitive ecological receptors, especially those receptors that are relatively immobile and spend
extended periods of time localized within areas of maximal concentrations. However, even the highest
concentrations of these constituents do not vastly exceed the corresponding ecological screening levels
established by EPA, and even the highest doses estimated through food chain modeling do not vastly
exceed the corresponding LOAELs established as dose benchmarks for the more mobile bird and
terrestrial wildlife receptors. This suggests that any adverse effects are likely modest and may only
involve the most sensitive receptor species present on the site. They do not suggest a likelihood of
widespread substantial impacts to the overall ecosystem.

Furthermore, the distributions of the highest concentrations of most constituents suggest that areas of
high concentration are localized within small areas. Any ecologically significant impacts, such as
reductions in the population of certain highly sensitive receptor species, would therefore be expected to
be localized and not felt over the overall site and adjoining areas. For example, terrestrial wildlife that
depend on predation of sediment-dwelling biota for their diet might find a reduced food source in the
immediate vicinity of Spring 101 but would merely be forced to search out one of the many other springs
and wetlands on and around the site.

The food chain modeling suggests that certain constituents could potentially have an adverse impact on
certain small terrestrial wildlife and bird individuals that obtain all or most of their food and water from the
small areas on the site with maximal concentrations of chemical constituents. Even with its very
conservative underlying assumptions, the food chain modeling suggests that adverse impacts to higher
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level predators (such as the red fox and red-tailed hawk) are unlikely. Certain individuals of smaller
species, especially those such as the short-tail shrew that derive all or much of their diet from soil-borne
and sediment-borne invertebrates, could be affected or even possibly killed if they remain localized at the
discrete areas of highest contamination on the site. Even if a few small mammal or small bird individuals
are killed, the population impacts on the surrounding landscape are likely to be very minimal.

The highest concentrations of most constituents on the Crossley Farm Site occur in sediments located
within the small seepage wetlands on forested slopes. If the results of the screening and food chain
modeling were conservatively interpreted to require sediment excavation, that excavation would result in
the physical destruction of several small but complex wetlands that would be difficult to reconstruct,
regardless of budget. Even if successfully restored, several decades would be necessary for newly
planted trees to attain the size necessary to shade the restored wetlands so as to provide habitat
conditions resembling current conditions. The ecological impacts resulting from the excavation of wetland
sediment, even if the wetlands were restored to the best of available technology, would likely be greater
than the limited toxicological impacts to ecological receptors resulting from leaving the existing sediment
in place. For these reasons, no further investigation or remediation solely to address ecological receptors
is recommended for the Crossley Farm Site.
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8.0 DATA GAPS AND RECOMMENDATIONS FOR FURTHER INVESTIGATION

Several data gaps and data needs have been identified through the performance of this Rl. These
additional data should be acquired to assist in the design of any future remediation system. The data
needs fall into the two general categories of 1) the full nature and extent of contamination atop Blackhead
Hill, especially at and immediately downgradient of the source areas at the borrow pit and the EPIC pit,
and 2) the hydraulic characteristics of the aquifers.

• The nature and extent of the groundwater contamination in the vicinity of the source areas are not
completely understood. The critical data gaps regarding the nature and extent of contamination
include:

- The nature, horizontal location, and vertical extent of the TCE "hot spot" (either a DNAPL or a
highly concentrated, residual phase source) beneath the borrow pit is not known. If this source
can be located and the hydrogeological parameters are favorable, a remediation system might
extract the source directly from the aquifer, rather than solely capture the dissolved-phase plume
at downgradient locations; the extraction of the source could significantly decrease the time
required for the ultimate restoration of the aquifer. Also, it is important to know the nature and
extent of the source in this complex hydrogeological setting to both optimize the design of a
groundwater extraction system and to avoid exacerbating the problem by installing wells at the
wrong locations or depths. To investigate the nature and extent of the source, additional
monitoring wells (or potential extraction wells) could be installed either directly in or immediately
downgradient from the borrow pit.

- The eastern extent of the groundwater plume downgradient from the borrow pit is not known, as
there are no monitoring wells located east of HN-23, the most highly contaminated well. The
surface topography and the interpreted groundwater flow directions suggest that the plume
probably does not extend much further eastward from this well, but the effects of diffusion and
dispersion (as well as local variations in flow patterns) could locally alter the regional
interpretation. To determine the extent of the plume in this area, at least one additional
monitoring well could be installed to the east of HN-23.

- The existence of the "shadow zone" beneath and downgradient from Blackhead Hill is suspected
but not confirmed. If this zone does not exist and there is significant west-to-southwest migration
of the plumes from the source areas toward and beneath the hill, then it is possible that a
remediation system designed to completely capture the plume atop the hill would require
extraction wells over an arc of approximately 120°, rather than solely within the two major
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(southern and western) branches of the plume that have been delineated in this Rl. To determine
if a portion of the plume flows beneath Blackhead Hill, an additional monitoring well(s) could be
installed southwest of the quarry, or roughly between the quarry and existing monitoring well
cluster HN-11.

- The presence or absence of residual contamination beneath the EPIC pit is not known. The
removal action excavated the contaminated soil from the surface to the water table, or to a depth
of approximately 25 feet; it is not known if significant residual contamination remains in the soil
and shallow bedrock beneath the water table. If present, it is possible that the residual
contamination will continue to generate a groundwater plume requiring extraction and treatment.
Conversely, if little residual contamination remains beneath the EPIC pit, it is possible that the
existing branch of the groundwater plume emanating from this particular source will soon
naturally attenuate, and no groundwater remediation system will be required for this particular
segment of the plume. To determine if significant residual contamination exists beneath the
borrow pit, an additional monitoring well(s) could be installed to the west of, and immediately
downgradient from the former pit, along the existing farm road.

- The vertical extent of contamination is not known anywhere atop Blackhead Hill, as the
groundwater is significantly contaminated to the total depths of the investigation. Based on the
downward vertical gradients atop Blackhead Hill and the site conceptual model, it is likely that the
deeper groundwater is also highly contaminated. A groundwater remediation system designed to
capture groundwater only to the presently-known depths of the plume could potentially allow
significant volumes of contaminated groundwater to flow beneath the extraction systems and
beyond the remediation system.

The horizontal and vertical extent of groundwater contamination within the Dale Valley has not been
completely defined due to the reliance (in some areas) on analytical data from residential supply
wells. These data were used to define and bound the western limits of the plume (especially for the
area west of Dale Road) and the downgradient edge of the plume along the southernmost extent of
Forgedale Road. The use of residential wells inherently leads to some uncertainty in plume
delineation due to the largely unknown construction characteristics (such as total depth and extent of
open or screened intervals) of the supply wells. The installation of nested (or multi-port) monitoring
wells at these locations would remove the uncertainties associated with the unknown well
construction characteristics of the supply wells.
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For the remedial design, a long-term (minimum 72-hour) aquifer pumping test should be conducted in
the vicinity of Blackhead Hill and the source areas at the borrow pit and the EPIC pit to obtain needed
information regarding the hydrogeologic characteristics of the aquifers in this area. A thorough
understanding of the aquifer is critical to the proper design of the groundwater remediation system,
including the number and locations of extraction wells, the well depth(s), screen or open interval(s),
and pumping rate(s). The data needs that would be filled by the aquifer test include:

- The hydraulic conductivities, transmissivities, and storativities of the highly heterogeneous
groundwater flow systems in this area are not known. These variables govern the flow of
groundwater (and contaminants) through the aquifer, and are critical to the proper design of the
remediation system.

- The existence and orientation(s) of any preferred directions of groundwater flow or drawdown are
unknown. Given the interrelationship of fracture presence and abundance with aquifer yield (and
probably aquifer transmissivity), it is assumed that there are preferred directions of groundwater
flow within the fractured bedrock and that the orientation of these preferred directions must be the
same as the orientation of the fractures. For a groundwater extraction system, this information is
needed to optimize the horizontal locations of the extraction wells and to ensure that the capture
zones of the various wells intersect and form an effective extraction network. To obtain this
information during the aquifer test, the hydraulic head should be monitored in multiple observation
wells that are located at various azimuthal orientations around the pumping well.

- The degree of vertical interconnection within the aquifers is unknown. The ease and rate of the
vertical migration of the groundwater (and its ultimate extraction) must be controlled by the
vertical extent and degree of interconnected ness of the bedrock fractures within the various
lithologies. For a groundwater extraction system, this information is needed to predict whether
groundwater extracted from a single depth (or a restricted range of depths) will ultimately
remediate a much larger vertical section of the aquifer, or if a series of extraction wells, each
extracting water from a different subsurface depth, will be required. To obtain this information
during the aquifer test, the hydraulic head should be monitored in multiple observation wells
completed over a range of subsurface depths.
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